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PREFACE TO THE FIRST EDITION. 



I AM among those who believe that the natural and physical 
sciences possess in themselves attraction snfGicient to render any 
ornaments superfluous. This conviction has been my only guide 
in the conception and writing of this book, which is not, indeed, 
a scientific one, but a faithful ^picture of the phenomena offered by 
the Heavens to man's intelligent admiration. 

My plan was, therefore, ready to my hand, and I had but to 
follow Nature, as now revealed to us by Astronomy, in all her 
majestic simplicity. All my efforts have had for their object to 
represent her in all her details as a whole. 

I write for those who, though interested in science, have neither 
the time nor the wish to become professional astronomers : in a 
word, for youth and unscientific " children of larger growth." It 
has been my wish, that The Heavens should be read with some- 
thing of the charm of a romance, or, at least, with that so powerful 
interest which belongs to travellers' tales of unknown lands. For, 
after all, is not the mind of a traveller, when it follows Science 
through the far-off regions of the ethereal sky, journeying on from 
stage to stage, that is, from Sun to Sun, to l^e very confines of 
the visible Universe ? In our narrative of this journey through 
the infinite, the reader, it is true, will find no sudden turns of 
fortune, no unexpected accident to make the heart beat quicker at 
the thought of the sufferings of one of our fellow-men : but, on 
the other hand, it will be given him to contemplate the most 
sublime of all pictures — the majesty of tremendous phenomena, 
the unalterable and eternal harmony of the laws of Nature. 

What a vast field, moreover^ what a magnificent horizon is 
presented by the Heavens to the most active of human faculties, to 
the imagination ! When our sight, aided by the most powerful 
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instruments, diyes into the depths of space, and finds, instead of 
feebly strung points of light, worlds like our own, some smaller, 
some larger than it, a thousand questions rise to our lips. We 
find ourselves involuntarily making in thought a hundred travels, 
more interesting, more strange, more marvellous than those the 
scene of which lies on our own planet. 

Basing our work on the facts already acquired, we set our- 
selves to build up our neighbouring worlds ; the configuration of 
their continents and seas, the rivers which water them, their 
mountains, which are the very skeletons of worlds, the living 
inhabitants, animal and vegetable, which people them, all present 
themselves before us in the most various forms. Forced by an 
irresistible instinct to people these worlds with free and intelligent 
beings, we help them at their work, in their wars ; we ask if they, 
like us, have a history and traditions; then, the thought that 
our humanity is but one individual state of being among those 
which on all the worlds throughout boundless space work out 
their destiny, comes to console us ; we are no longer alone to seek 
after truth, and the realisation of justice and goodness. 

These, doubtless, are questions concerning which Astronomy 
brings no message to 'us, and which will long, possibly always, 
continue in the domain of conjecture. Therefore, we have not 
dwelt upon them in this book, leaving the reader to solve them as 
his imagination may lead him. But the coldest mind, the mind 
least accessible to the suggestions of fancy, cannot entirely banish 
them. In spite of itself, there comes a moment, an hour of reverie, 
when it too propounds the same problems ; and truly we cannot 
wish it otherwise. Does it not afford one proof the more of the 
truth of what day by day becomes more evident, that science 
borders on poetiy ? 

In order to make Astronomy accessible to all, it was necessary 
to banish from ihh work the mathematical portion of the science, 
which forms the essential element in the special treatises on the 
subject. But, on the other hand, the most interesting details 
relative to the constitution of the worlds which people space, the 
most recent observations made by the magnificent instruments now 
erected m the Observatories of Europe and America occupy a 
large place in this physical description of the Universe. 
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One word on the sources whence I have selected materials for 
the book. 

I wished to place this attempt to popularise science on a level 
with the most recent and most authentic discoveries. I therefore 
addressed myself directly to the most illustrious astronomers, both 
in the Old and New Worlds. All of them have liberally lent me 
the aid of their knowledge ; original memoirs, photographs have 
been forwarded to me from the various scientific centres, with a 
generosity for which I must here publicly express my extreme 
gratitude. Nor have I lacked encouragement and advice. The 
venerable patriarch of contemporary astronomers, Sir John Hers- 
chel, Admiral Smyth, Mr. Warren De La Rue, and Mr. Lassell 
in England ; the illustrious Director of the Observatory of 
Poulkowa, M. Otto Struve, in Bussia ; M. littrow, in Germany ; 
and Professor G. P. Bond, in America, are, among foreign 
astronomers, those to whom my best thanks are due for their 
generous aid. 

In France, M. Leveirier at once placed the Library of the 
Imperial Observatory at my disposal, and gave me permission to 
make from nature the drawings of the most important instruments 
in this magnificent estabUshment. MM. Laussedat, Chacomac, 
and Goldschmidt, have aided me by their advice, and have com- 
municated to me their observations. 

Nor is this all I have largely placed under contribution all 
the ancient and modem publications on Astronomy, the interesting 
works of Schroter, Laplace, Beer and Madler, the two Struves : 
Harding's Celestial Atlas, and that constructed by the illustrious 
astronomer of Bonn, Aigelander ; the special periodical so fall of 
facts, the Astronomisehe NachricMen of Altona, the Memoirs and 
Monthly Notices of the Boyal Astronomical Society of London; 
the works of Airy, Huid, Lord Bosse, and Sir Thomas Madear ; 
the publications of the Academy of Sciences of St. Petersburg, 
Humboldfs Cosmos, Arago's admirable Astronomy ; and, finally, 
all the precious communications to be found in the Comptes Sendtis 
of the French Academy of Sciences, in which the names of such 
Frenchmen as Arago, Biot, Babinet, Faye, and Delaunay, are found 
associated with those of all the savans, members of this great 
republic of science, who belong to other countries. 
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Such have been my feUow-labonrers in the preparation of this 
book It will be easily nnderstood that it was not a question 
of gathering at hazard from the immense coUection of ancient 
and modem works^ which form the archives of Astronomy; it 
was necessary that I should choose the most incontested f acts^ the 
most recent and most authentic observations ; that I should dis- 
cuss and compare the numbers, which in Astronomy have such 
interesting meanings; that I should often go over calculations 
which lead to them myself: in one woixi^ that I should show to 
the public, for whom the book has been written, and who have 
not always the means of verifying an Author's statements, with 
what respect for the truth, and with what conscientious care, I 
have acquitted myself of a work so attractive to ma 

It rests with the reader now, to say, whether I have known 
how to profit by these materials, and whether, like a painter before 
a beautiful landscape, I have been able to portray beauties of the 
grandest of all scenes, that of the infinite variety of the stars 
moving in conceit through boundless space. 
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THE HEAVENS. 
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WHAT are the Heavene ) Where ihe shores of that liiDitlesB oo«ui ; 
where the bottom of that tuafathomaUe abjes ? 

What are those brilliant points — those innamerable stan^ which, 
never dim, shine out unceasingly from the dark profound ? Are they 
sown broadcast — orderleas, with no other bond save that which .petspieo^ 
tiye lends to them ? Or, if not immovable, m we have so bHig'imagified, 
if not golden nails fixed to a crystal vaults whither aj^ iihay faxina^ 
And» Anally, 'what are the parts assigned to the Sun, our Earth, and all 
the Earths attendant on the glorious orb of day, in this tremendous 
concert of celestial spheres, — ^this sublime harmony of the Universe 1 

These are magnificent problems, of which die most fertik imagina- 
tion would have in vain attempted the solution, if, for the greater glory 
of the human mind, Astronomy, first-bom of the Sciences, — had not at 
length come to our aid. 

How wonderful is the power of man ! Chained down to the surface 
of the Earth, an intelligent atom on a grain of sand lost in the immen^ty 
of space, he invents instalments which multiply a thousandfold his vision, 
Jie sounds the depths of the ether, gauges the visible universe, and counts 
the myriads of stars which people it ; next^ studying their most compli- 
cated moveoients, he measures exactly their dimensions and the distanoes 
of the nearest of them &om the Earth, and next deduces their masaea^ 
then, discovering in the seeming disorder of the stellar groupings zeat 
bonds of union, he at last evolves order from apparent confusion. 

^or is this all. Basing by a supreme flight of thought tb the most 
abstract. Speculations, he discovers the laiws Which regulate all celeeftial 
movements, and defines the ilature of the Universal fdrcetWhioh'SUfitaiiis 
the wotUb. 

Such are the fruits of the unceasii^g labours of twepty generations of 
Astronomers. Sudh. the result of the genius and. of ^e patient persf^ 
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2 THE HEAVENS. 

verance of men who have devoted themselves for two thousand years to 
the study of the phenomena of the Heavens. The Chaldean shepherds 
were, they say, the first astronomers. We can well believe it Dwelling 
in the midst of vast plains, where the mildness of the seasons permitted 
them to pass the night in the open air, where the clear sky unfolded 
before them perpetually the most glorious scenes, they ought to have been, 
and they were, contemplative astronomers. And all of us would be 
what they were, did not the vigour of our climate and our variable 
atmosphere so often prevent us observing the Heavens ; and did not^ 
moreover, the turmoil and cares of d^sed life deprive us of the 
necessary leisure. 

Nothing is more fitted to elevate the mind towards the infinite than 
the thoughtful contemplation of the starry vault in the silent calm of night. 
A thousand fires sparkle in all parts of the sombre azure of the sky. 
Varied in colour and brilliancy, some shine with a vivid light, perpetually 
changing and twinkling ; others, again, with a more constant one — ^more 
tranquil and soft ; while very many only send us their rays intermittently, 
as if they could scarce pierce the profundity of space. 

To enjoy this spectacle in all its magnificence, a night must be chosen 
when the atmosphere is perfectly pure and transparent— one neither illu- 
minated by the Moon, nor by the glimmer of twilight or of dawn. The 
Heavens tiien resemble an immense sea, the broad expanse of which 
glitters with gold dust or diamonds. 

In presence of such splendour, the senses, mind, and imagination, 
are alike enthralled. The impression gathered is an emotion at once 
profound and religious, an indefinable mixture of admiration, and of 
calm and tender melancholy. It seems as if these distant worlds, in 
shining earthwards, put themselves in close communication with our 
thoughts. 

But Sentiment has but one part in this emotion, and soon Intelligence 
asserts her sway. It asks how these myriads of stars, scattered here and 
there, can reveal to those who have studied them the structure of the 
universe: by what method they have succeeded in distinguishing 
them, in calculating their distances, and determining their movements. 
Further on, we shall attempt to give an idea of the manner in which 
these interesting problems have been solved ; at present, and before 
entering into a more detailed description, we shall endeavour to sketch 
with a free hand the panorama of the Universe. 

On a first glance at the starry firmament the stars seem pretty regu- 
larly distributed ; nevertheless, look at that whitish, undecided, vapoury 
glimmer which girdles the heavens as with a belt. It is the Milky 
Way.* As we approach the borders of this star-cloud in our inspection, 

* Via Ladea. It is also called the Oalazy, from 7aXa|ca, the Greek word for the 
ame thing. 
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the 8tai8 appear more and more crowded together, and most of them so 
small that the eye can scarcely distmguiah them. The accumtdation of 
stars in the direction of the Milky Way is more especially visible when 
we examine the heavens with the aid of a powerful telescope. 

The Milky Way itself is nothing more than an immensely extended 
aone of stars, that is, of suns ; since, as we know, and as we shall explain 
in the sequel, each star, from the most brilliant to the faintest, is a sun. 

Here, then, is an immense group, a gigantic assemblage of worlds, 
which seems to embrace all the Universe, if it be true that the greater 
number of scattered stars situated out of the Milky Way, nevertheless 
form part of it. In reality, this multitude of millions of suns is divided 
into numerous and distinct groups, and those into others still more 
restricted in number, each composed of two or three suns. 

What breadth of space does each of these groups occupy f What is 
the measure of the space which holds them all ? The most powerful 
imagination in vain attempts to answer these questions intelligibly; here 
numbers faQ us. 

Let us add — ^without comment in this place, as we shall return to it, 
— a fact well proved, and one which will seem strange to many ;— our 
Sun himself is a star of the Milky Way. 

The foregoing, however, is but a first sketch of the structure of 
the visible Universe. 

In examining attentively every part of the starry vault, a keen eye 
perceives here and there whitish spots resembling little clouds. One 
would say they were so many patches detached from the Milky Way, 
from which, however, they are often very distinct and very distant 
The telescope discovers by thousands these cloud-patches, or — to give 
them their astronomical name— these Nebulas, 

[It was formerly imagined that each of these star-clouds was nothing 
less than an aggregation of stars very dose together, and very numerous 
— so many Milky Ways lying outside our own, and for the most part 
so distant that the most powerful instruments were able only to dis- 
tinguish a confused glimmering. One of the most important observa- 
tions of modem times, however, has shown that many of these nebulsB, 
including the most glorious one in our northern hemisphere, — ^that in 
the sword-handle of Orion, — ^are but masses of glowing gases. 

Others, again, of these cloud-like masses — cloud-like by reason of 
their distance, — show us, faintly shining on a background apparently 
nebulous, brilliant stars, larger no doubt, or more brilliant, than their fel- 
lows ; and some of these objects, called ''Star-clusters," which are nearest 
us are among the most glorious objects revealed to us by our telescopes.] 

Let us attempt now to conceive what fearful distances separate 
these archipelagos of worlds from our own ! 

Unfftthomable abysses whose unspeakable depths the most powerful 
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telescopes increase indefinitely! Profounds, endless, bottomless, but 
lit up by millions of suns ! 

Such appears to us the Universe from the natural observatory where 
we are placed. But to obtain a more complete idea of its constitution, of 
the infinite variety of its members, we must descend from these regions, 
where the sight and mind are lost, to a group, nearer to us, and therefore 
more accessible to the investigations of man, — ^to that group, or system, 
of which the Earth forms part. Of this the Sun is the centre. 

Hound this focus of light and heat, but at various distances, revolve 
more than a hundred secondary bodies, — ^Planets, some of which are 
accompanied by smaller ones — Satellites. Not self-luminous, they would 
be invisible to us, if the light, which they receive from the Sun, were not 
reflected towards the Earth, making them also appear as luminous points 
spread over the celestial vault like so many stars. Such would be the 
appearance of the Earth seen in space, at a distance sufficiently great. 

A common character distinguishes all the celestial bodies that form 
part of this group — the Solar System — ^from the multitude of other 
stars. For while the Suns, composing what is called the Sidereal 
Universe, are situated at distances seemingly infinite, the bodies com- 
posing the group of which we speak are relatively much nearer the Earth, 
— ^are, in fact, our neighbours. 

What results from this double fact? Two very simple conse- 
quences, easily understood. 

The first is, that the stars do not undergo any sensible change of 
position in the starry vault. Their distance is such, that they appear 
actually at rest in the depths of space : hence the term Fioced Stars, — 
now abandoned, because a minute and elaborate study of their relative 
positions has established the fact that the stars really do move in the 
remote regions of the heavens. The apparent immobility of which 
we have spoken, and which is one of their characteristics, is evidenced 
by the uniformity of appearance preserved for centuries by the arti- 
ficial groups of stars, to which the name of Constellations has been given. 

Now, it is otherwise with the bodies that revolve round our Sun : 
they are near enough to the earth to allow of their displacements in space 
being perceived in short intervals of time. Traversing, by virtue of their 
proper motions along the starry vault, distances which appear greater as 
their own distance from us is less, these bodies received at the outset the 
name they have since retained — Planets, or Wandering Stars. 

It is thus, that, when we stand in the middle of an extensive plain, 
we judge distant objects — those that border the horizon — ^to be im- 
movable ; whilst we instantly perceive the slightest change of place in 
the near ones. It is true that when we ourselves move, the reid move- 
ments beeome complicated with the apparent movements, but the former 
must be distinguished, if We wish to have an exact idea of the actual 
cawne travelled. This complication of the apparent movements of the 
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planets, — a necessary consequence of the movement of the Earth, — ^is 
one of the most striking testimonies to the reality of the latter ; but it 
must be also added, that this was precisely the stumbling-block of 
ancient astronomy until the time— and that not long ago — ^when the 
real movements were made known. 

It will soon be seen, in the detailed description of each of the 
planets of the solar system, what wonderful variety reigns within its 
limits. Movements of rotation, movements of revolution around the 
common centre, the duration of these movements, distances, forms and 
dimensions, distribution of light and heat, all change in passing from 
one planet to another. And yet, marvellous thing, the same laws govern 
all, in such a way, that the unity of plan is not less marked than the 
astonishing variety of the phenomena. 

One circumstance common to all the bodies of the solar system 
forcibly strikes the imagination. It is, that these enormous masses, — 
these globes, many of which are much heavier than the Earth, and 
lastly, the Earth itself, not only are suspended in space, but move 
through the ether with velocities truly stupendous. 

Imagine yourself a spectator, standing immovable in space. A 
luminous body appears in ^e distance, little by little you see it approach 
and increase in size; its immense circumference, which exceeds a hundred 
thousand leagues, is in rapid rotation, which makes each point on its 
periphery travel through nine miles a second. The globe itself at last 
passes before you, carried through space with a velocity twenty-four times 
greater than that of a cannon balL In such a way Jupiter would appear 
to you travelling in its orbit. This headlong course would banish it for 
ever, to the most remote regions of the visible universe, if it were not 
subdued and held by the powerful attraction of a globe a thousand times 
larger than its own — ^by the Sun himself. Not only does Astronomy 
show, by undeniable proofs, the reality of these marvellous movements, 
— not only has she arrived at the knowledge of their invariable con- 
stancy, at least during thousands of centuries ; but she has found in 
their very rapidity the cause of the stability of all the celestial bodies. 

If there is difficulty in imagining such masses freely circulating iu 
the ether, how much more are we impressed, when we consider that 
these rapid movements are not confined to the planets ; and when we 
look upon the Sun with all its retinue, as moving in an orbit ;^et 
unknown, himself attracted no doubt by a more powerful Sun, or by 
a group of Suns ! All the stars which by reason of their infinite distances 
appear immovable, move in different directions : and we shall see later, 
that if these movements are performed with extreme slowness, the slow- 
ness is apparent only.. In reality, these are among the most rapid 
celestial movements that we know of. 

Thousands of centuries will be necessary before these immense sidereal 
voyages are accomplished. Their vast periods are to the length of our 
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year what the dimensions of the Earth are to the distances of the stars ; 
and, according to the happy expression of Humboldt, they make of the 
Uniyerse an eternal timekeeper. Thus, in the contempktion of celestial 
phenomena^ the idea of infinite duration impresses itself on the mind 
with the same irresistible power as the idea of the infinity of space. 

Such is briefly the magnificent field explored by Astronomy. 

Other natural and physical sciences teach us to study nature in its 
more intimate mysteries ; they unveil to us the molecular constitution 
of bodies : the play of their combinations and metamorphoses ; their 
thousand useful and curious properties ; the development of organised 
living beings, both vegetable and animal, and even of man himself, one 
of whose noblest attributes seems to be the gift of knowing, and who 
appears by the light of science as the most perfect creation of the 
organising forces. 

But it is Astronomy that reveals to us the Universe in its majestic 
whole ; it is she who has made us comprehend its structure, and after 
having gathered its thousand various elements into a gorgeous picture, 
has initiated us into the eternal laws that govern the Heavens. 



PART THE FIRST. 



THE SOLAR SYSTEM. 

The Bodies which form the Solar System — Direction of morements of Rotation and 
Revolution — ^Inclinations of the Planes of the 'Orbits of the different Planets. 

The group or system of celestial bodies, of which the earth forms part, 
— a system known in astronomy under the name of the Solar or Plane- 
tary System, is composed, according to our present knowledge, of a 
hundred and eighty-eight bodies, which may be classed in the following 
manner ; taking into account at the same time, both the part which they 
play in the system, and the order of their distances from the sun : — 

1. A eeniral body, relatively immovable in the group ; much larger 
than all the others, and self-luminous, the Sun ; 

2. One hundred and fifty-fow secondary bodies, or planeis, situated at 
increasing distances from the Sun ; revolving round him in orbits nearly 
circular ; and receiving from him the light which renders them visible 
to us. The planets may again be divided into three principal groups : 

The smaller planets, those nearest to the central body, are in the 

order of their increasing distances from the Sun : Mercury, 

Venus, the Earth, Mars. 
The larger planets, those most remote from the central body: 

JupiiER, Saturn, Uranus, Neptune ; 
Lastly, the minor planets, or Asteroids, forming between Mars and 

Jupiter a ring, which separates the two first groups ; 
One hundred and forty-six small planets are now known, but there 

are, no doubt, many more ; 

3. Eighteen tertiary bodies, or Satellites, revolving round some of the 
principal planets ; such as the moon, which accompanies the Earth. 
Jupiter has four such satellites ; Saturn, eight ; Uranus, four ; Neptune, 
ona 

4. Fifteen Comets, the periodical returns of which have been proved 
by observation, revolving round the Sun in very elongated orbits. 

Independently of the bodies which we have just enumerated, more 
than two hundred other comets are known, some of which travel round 
the Sun in orbits so elongated, and in times so vast, that their return has 
not yet been proved by observation, although it has been approximately 
calculated. Others describe curves which may be called infinite, and 
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after having once approached our group, have abandoned it perhaps for 
ever. A year never passes without new comets being discovered. 

We must here also mention a nebulus ring of a lenticuUr form, the 
Zodiacal Light, which surrounds the Sun at a certain distance, and the 
position of which im. tiie system isnot'yeb'ctoidy<<letermined; and, 
besides this, hun'dre<is of rings composed of multitudes of small bodies, 
revealed to us by the appearance and fall of MeiearUes, MetwrSy and 
Falling or Shooting Stars. 

The Sun, the planets and their satellites, all assume a spherical form, 
sometimes flattened at the extremities of one diameter. In the more im- 
portant of these bodies, movements of rotation have been detected ; these 
movements all take place in the same direction as that of the Earth. 
Astronomers, by an analogy based on the laws of mechanidsj extend this 
movement of rotation to all the bodies which have hithetto baffled our 
Bcrutiny in this particular. A second movement, which we call one of 
revolution or of translation, impels all the planets round the Sun, and 
all the satellites round their respective planets, in times which vary with 
the dimensions of the orbits described, by virtue of a remarkable law, 
the discovery of which we owe to the genius of Kelper.* 

The direction of the movement of revolution is the same for all the 
bodies of the solar 8y8tem,t and this direction is pre<nsely that of all the 
inovements of rotation. In order that the reader may grasp this im- 
portant point, let him turn to Plate I., which represents the orbits of all 
the known p]Anets4 The arrow in each case indicatel^ the direction of 
the planet's revolution round the Sun. Now let us snfipbse an observer, 
placed in the centre of the diagram in such a way that) hus feet resting on 
the plane of the paper, his head will be in the northerii hemisphere of the 
heavens. In this position it is easy to see that the m^ement indicated 
by the arrow will take place from the right to the Idft-of the observer. 
Such is the direction of the movements of revoluti<M^ <:^*planetary bodies. 

Let us now compare this movement to the moYemelit of rotation of the 
-Earth on its axis. The centre of our planet is situati^d on the plane ; the 
north pole is above it, and the south below it, in suc&f A manner, tiiat the 
terrestaial rotation which takes place— as proved by the daily movement 
of the heavens-— ^m west to east, is also to^ the' observer a movement 

* The law which defines the movement of all celestial bodies is referred to in 
Part III. Book L s r 

t We must except, howtfvei) the sat^litM of 'XTn^ttsi -one of the comets of short 
period^ andi^ffreatnomher of other oomets. ' , ^ .li /!■ / 

tin this Plate the orbits of the plaQet9 ha^ bee^ /represented by the circum- 
ferences of circles, although in reality they are o^ an emptical or oval form. Nor 
ii th« 'fitm, as represented in the fi^re, e3taictty'fo' the centre of each orbit. 
Thfe . iUnstnktton r^resents the dimenaions'of thl^tnrbitain their true proportion, 
with the, exception of the orbits of the satellite^, ti^e ^^ensions of which have 
l^een necessarily enlarged. The positions of the ]51&nets are ^ose which these bodies 
'^uftnally occupied in flpaoe on the Ist of Januarf 18G9.' 
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from the right towards the left If the name of north pole is given to 
that pole of each of the other planets which is situated above the plane of 
which we speak, observation shows that it is always from right to left, or 
from west to east, that these planets describe both their movements of 
rotation, and their movements of translation, round the Sun. 

It is veiy evident, that if we had supposed the observer standing on 
the other side of the paper, with his head towards the south pole of the 
heavens, all the movements would have seemed inverted ; that is to say, 
would take place from left to right, although they would still remain the 
same, from the point of view which we occupy. So let us remember, 
once for all, this fundamental fact of solar astronomy, that the move- 
*ments, both of rotation and of revolution, of the planets and their 
satellites, are effected all in the same direction, that is, from right to \ 

left or from west to east / / 

The ideal curves described by the various planets around the Sun, 
considered at rest, are plain curves, or at least nearly so. This is nearly 
/ the same as saying, that the centre of each planetary globe in its move- 
1 ment around the central body, remains always in the same place. This 
plane, if prolonged, passes through the centre of the Sun. But the planes 
of those orbits do not coincide with one another, they are differently 
inclined to that of the Earth taken as a standard of comparison ; from 
this it results, that each planet describes half its orbit above the plane 
of the terrestrial orbit, or, as it is called,' the ^nt of the ediptiCy and the 
other half below it 

The inclinations, represented in their true proportions in fig. 2 of the 
Plate we have mentioned, are, moreover, very small ; and it follows that, 
as seen from the Earth, the principal planets revolve in a narrow zone 
of the celestial vault ; this has received the name of the Zodiac 

The Solar System seen in section, or in profile so to speak, would 
appear therefore, to an observer situated at a great distance beyond its 
limits (but near its mean plane), as a group of elongated form, having in 
its centre a luminous point, the Sun, and on both sides of it a multitude 
of small stars of unequal brightness — the planets and their satellites, 
oscillating backwards and forwards in paths nearly rectilinear. 

After having sketched that entire group of celestial bodies, which 
interests us the most^ seeing that our globe is one of its constituent 
molecules, we will now describe the members of the group one by one, 
study their movements, and, by the aid of facts furnished by the perse- 
vering observations of modem astronomers, examine them, when possible, 
in their most minute detail 

We will begin with the Sun. 



BOOK THE FIRST. 



THE SUN. 

Of all the stars which people the immensity of space, the Sun is the 
most interesting to us the inhabitants of the Earth. 

It is at once the largest (at least in appearance), the most brilliant, 
and that which exercises over our globe the most dominant influence. 

The centre of the movements of all the celestial bodies of the system, 
of all those which are in fact our neighbours, he is to them and to us the 
inexhaustible source of light, heat^ and life. It is from him that all the 
energies, developed on the surface of the Earth or on the other planets, — 
energies manifested under so mftiy various forms — ^incessantly flow with- 
out ever draining their source. 

[And yet all the action on this our Earth is carried on by the two 
thousand three hundred millionth part of the force radiated by the Sun ; 
for that is all the Earth can grasp, as it were, of his rays given out in aU 
directions, and it is by this fraction of his mighty power that all the 
Earth's work is done.] 

Lastly, the Sun would seem to be the common father of the whole 
family of bodies that gravitate round him, and which he holds in hand 
by his powerful attraction. It is from him that at epochs immensely 
distant from ours, have been thrown out successively, at first under the 
form of nebulous rings, those agglomerations of matter which have 
become in the end, by a natural concentration, nearly spherical globes ; 
Jupiter, Saturn, Mars, the Earth, Venus, are so many children of the 
Sun. The part played by the Sun in the group, of which he is the centre, 
we have already stated. Farther on, we shall see how he figures in the 
Sidereal Universe ; and we shall find him midst the millions of stars 
which form the Milky Way, 

Our present object is to study his individuality, to measure his 
apparent and real dimensions, to study the physics of his surface, and his 
movement of rotation, and to deduce from all the facts gathered by the 
most able and distinguished observers, the structure of this tremendous 
star, and the most probable conjectures as to its physical constitution. 
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Form and apparent Size of the Son — ^Its Distance from the Earth, and real Siae— Its CuJ^ 

Snrfaoei Volume, Maas, and Weight 



As every one knows, the naked eye cannot bear the brightness of the k/?i/,^ 
Sun. Nor can this be wondered at, if we remember that the intensity of ^^^Z*^ 
its light as seen from the Earth is eight hundred thousand times greater )^^1^ 
than that of the full Moon, or twenty-two thousand million times that of ^«^ 
the most brilliant star.* To obtain, therefore, a clear idea of its form, /i--^wu^ 
we must take advantage of opportunities when clouds, or, better still, ^^*^j*^^ 
dense fogs, interpose themselves between the eye and its radiant body, t^^^ ^^ ' 
The use of telescopes would be still more dangerous than that of the ^ ^^^ 
unaided sight, if observers did not take the precaution to use dark or qT^T* 
coloured glasses to shield the eye, inasmuch as lenses and reflectors V\^tX^ ^ 
concentrate to their fod a considerable quantity of light- and heat-rays. \\ ^^ 
The eye would be dazzled, or even utterly destroyed, without this f ) j 

indispensable precaution.t 

A first rough glance shows us that the disk of the Sun is circular. 
But the use of accurate instruments leaves not the least doubt in this 
respect, and numerous micrometric X measurements have proved that all 
the diameters of the disk are exactly equal The Sun has then the 
appearance of a perfect luminous circle, and as it is not less certain that 
it turns on an axis, and therefore successively presents different faces to 
us, we can only conclude that its form is in reality that of a perfect sphere 
without any trace of irregularity or flattening. 

In the morning when the Sun rises, or in the evening a little time 
before its setting, if the atmosphere be rather misty, the solar disk mAy 
often be observed by the naked eye : it then appears to be larger than 

* [There is, however, to judge from the different results obtained by different 
phyricists, some nncertainty attaching; to these numbers. The comparative bright- 
ness of tiie Sun to Vega in Lyra, as given by different observers, is as follows : — 

Wollaston . 180,000,000,000) 
Bond . . . 24,000,000,000 V to 1. 
Clark . . . 10,400,000,000) 

The absolute amount of light emitted by the Sun is another matter ; he would 
realljr appear less bright than a Centanri, if we could see both at the same distance. 
lie intrinsic light of the Sun, or the amount emitted by a unit of area of his surface, 
is yet another matter. It has been supposed that a Centauri is intrinsically brighter 
than the Sun ; but as we do not know the real dimensions of this star, we can form 
no certain opinion on the point. 

f In our Chapter on Astronomical Instruments in Part III., we shall describe 
the various methoiis of solar observation by which these objections are avoided. 

X That is to say, made with micrometers — ^instruments which serve to measure 
very small objects and small angles, of which more anon in Part III. 
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usual, and its contour differs sensibly fix>m that of a drcle. But these 
are illusions, the cause of which we shall try to explain farther on. 

The apparent dimensions of the Sun do not remain the same through- 
out the course .of a year. The average size is such, that three hundred 
and thirty-seven disks equal to its own, placed side by side, would cover 
a half -circle of the celestial vault : its average diameter being somewhat 
more than half a degree.* But in winter it appears larger than in 
summer, at least to the inhabitants of the northern hemisphere of the 
Earth. In the southern hemisphere it seems larger in summer than in 
winter, because, of course, our winter is their summer. This change of 
size must not be attributed to a real change in the dimensions of the Sun. 
It is easily explained when we know that the annual revolution of the 
Earth round tJie central body is effected in a curved path, of which the 
Sun does not occupy exactly the centre. The distance of the two bodies 
varies therefore from one day to another, and it is towards the first days 
of winter in our northern hemisphere that the Earth is at its least dis- 
tance from the Sun. The different sizes of the solar disk, as seen from 
the Earth when at its least, mean, and greatest distances from it^ are 
shown in the following diagram : — 



l8t Januaiy. 



1st October. 



Ist July. 








, Fig. 1.— Apparent dimexuBions of the solar disk at the Earth's extreme and mean diBtanoet.t 

We see, then, that the apparent size of an object varies with the 
distance : similarly the size of the solar disk ought to vary, seen from 
each of the planets of the system. The more distant the planet fix>m the 
Sun, the smaller will the Sun appear. To avoid giving numbers, which 
would convey no definite idea to the reader, we have included in the same 

* It is usual in geometiy to divide the circumference of the circle into 860 equal 
parts, each of which is called a degree, and is represented thus : 1**. Each degree 
is subdivided into 60 minutes, and each minute into 60 seconds : a minute is written 
1' ; and a second 1". [Properly speaking, however, degrees, minutes, and seoonds 
are the angles subtended bv these arcs respectively. — R. A. P.] 

t If we represent the luminous surface of the Sun by 1000 at its mean distance 
from the Earth, the numbers 967 and 1084 will represent the* same surface as it 
appears to us at the Sun's greatest distance in July, and at its least distance about 
the 1st of January. The same numbers give us also the relative quantities of heat 
and of light received by the Earth at these different epochs, so that in summer tiiie 
Sun warms and lights our globe less than during winter. This apparent anomaly 
will be explained when we describe the terrestrial seasons. 



diagram (Fig. 2) the comparatiTe sizes of the 6un as seen from each of 
tbe principal planets at their mean ilistance. But it must not be for- 



Flg. 2- — The mppmot iiis oT Uu Bdd u aeeit rrom tlie principal plitiflU. 

gotten, that if tlie apparent size varies, the intrinsic intensity of the light 
remains tbe same, of coarse leaving out of consideration absorption by 
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the planetary atmospheres, of the power of which nothing precise is yet 
known. The quantity of light or of heat received by a planet depends 
upon the extent of the apparent surface of the solar disk. 

From Mercury, the planet nearest the Sun, this body is seen with 
its greatest apparent dimensions ; from Neptune, on the contrary, with 
its smallest. The luminous surface appears 6670 times larger fix>m the 
former of these planets than from the latter, situated, as we know, on 
the confines of our system. When we come to study the physical con- 
stitution of these bodies, we shall return to the quantities of light and 
heat with which the solar effulgence bathes the surface of the planets. 
We need only say here, that if to the inhabitants of the Earth the disk 
of the Sun presents an apparent surface seven times less than that seen 
from Mercuiy, if in Neptune this surface is further reduced a thousand 
times, it still preserves, as seen from this last globe, a brilliancy superior 
to that of all the bodies, whether planets or stars, that we on the Earth 
see in the heavens, although at this distance the immense luminary would 
appear but as a point, lost amid the innumerable fires of the stany vault. 

The apparent size of an object — in other words, the angle formed 
by the visual rays coming from its two extremities to our eye — ^teaches 
us, however, nothing of its real size, so long as we are ignorant of its 
distance from us. 

What is, then, the distance of the Sun from the earth and from the 
other bodies of our planetary system 1 

Let us take first, the distance of the earth from the Sun, without con- 
sidering for the present the particular methods employed to determine it. 

This distance is 91,430,000 miles,* equal to 23,000 semi-diameters 
of our planet It was about the middle of the last century that this 
determination was arrived at 

* It is certain that the estimate of the distance of the Sun from the Earth as 
stated in former editions of this work requires to be considerably diminished. The 
labours of Le Yenier and Hansen, the observations of Mars made by Stone and 
Winnecke, the new determination of the velocity of liffht by L^on Foucault, all 
point to the necessity for this correction, which will entail a series of modifications 
in the numbers at present adopted for the various elements of the solar systeuL 

[The old value of the Sun's parallax (a word which we shall subsequently explain), 
and the values recently obtained, are as follows : — 

Seconds. 

The old value obtained by Bessel from the transit of Venus . 8*678 

The new value obtained by Hansen from the Moon's psrallactic equation 8*916 

„ „ „ Winnecke from the observations of Mars 8*964 

„ i> Stone 8-980 

„ „ „ Foucault from the velocity of liffht . . 8*860 

,, ,, ,, Leverrier from the motions of Mus and Venus, 

and the apparent motion of the Sun . . 8*950 

This small correction, amounting to only two-fifths of a second arc, brought to 

light in the first instance by small disturbances in the motion of the Moon and 

pEtnetSy should, it has been well remarked, inspire astronomers with additional 
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Very different from the distance just given was that adopted hypo- • 
thetically by Pythagoras. This philosopher, who held ideas of the 
system of the world so similar to those which a long series of labours 
has definitely established, assigned 44,000 miles as our distance from 
the body which warms and lights us, a distance which would give as 
its diameter 75 miles. Bearing these figures in mind, we can under- 
stand the ancient assertion which, perhaps, would still astonish many 
of us, that the Sun is larger than the Peloponnesus.* 

The very large numbers, which are so often met with in Astronomy, 
leave for the most part only a very vague impression on the mind. It 
is difficult for the imagination to figure the objects that they represent ; 
and where it is a question even of moderate distances, it is only by the 
aid of comparisons that we can arrive at any precise idea. If these 
distances are greater than those which we can actually see on a terres- 
trial horizon, say than 25 or 50 miles, the image properly so called 
vanishes, and we are compelled to have recourse to other means of repre- 
sentation ; for example, we ask how much time a locomotive, going at 
a known rate, will require to traverse the given distance. The idea of 
duration comes then in aid of that of space to complete and perfect it 

Let us see with what exactness we can by this means form a con- 
ception of the distance which separates the Earth from the Sun. 

Light — the propagation of which is the most rapid movement 
knovm, and which travels at the rate of 185,000 miles in a second of 
time — requires 8 minutes 17 seconds to flash from the Sun to the Earth. 
If we suppose the intervening space to contain atmospheric air, a sound, 
with an intensity sufficiently great to put in motion a sphere of such 
enormous dimensions, would take fourteen years to reach our ears, 
sound travelling, as we know, about 1115 feet a second. 

confidence (if tbat were needed) in the exactness of their science and in the fixed- 
ness of the laws which bind the Kosmos together. And if, on the other hand, a 
contrary misgiving is created in other minds from the fact, that this abrupt altera- 
tion of so important an element as the solar parallax implies an alteration of some 
fonr millions of miles in the Son's reputed distance from our Earth, this nusgiving 
may, perhaps, be removed, as Sir John Herschel has suggested, by the consideration 
that after all this improvement of our knowledge amounts to no more than a cor- 
rection to an observed angle represented by the apparent breadth of a human hair 
viewed at a distance of about 126 feet] 

* Before 1769, astronomers had endeavoured to determine the distance of the 
Sun in various ways. Aristarchus of Samoa, and afterwards Ptolemy, Copernicus, 
and l^cho, supposed it eoual to 1200 radii of the Earth, nearly 4,800,000 miles, 
that is to say twenty times less than the actual distance. Kepler tnpled this number. 
Cassini and Lacaille approached the nearest to the truth. According to D'Alembert, 
the latter of these aavanti valued the distance in question at 21,000 terrestrial radii ; 
Cassini at 2S,000. The same author again quotes a distance of 12,000 diameters 
of the Earth, which is precisely that now adopted ; but he does not give the name 
of the aatronomer who arrived at this estimate. Ani^, in his Popular Astronomy, 
ailudea to the measures of Riccioli and Hevelius, givins 7000 and 5200 terrestriid 
radii respectively ; lastly, those of Richer and Manddi, deduced from oppositions of 
Han, fixed the mean distance of the Sun at 21,712, and at 20,626 terrestrial radii 
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We can thus fonn an idea of the immensity of the chasm which lies 
between the Sun and our globe, — ^an immensity, the measure of which 
is expressed by the round number, so simple in appearance, of 
9 1,430,000 miles. It is this number which will henceforth form the unit, 
the '^ standard measure," by means of which the other celestial distances 
will be expressed. 

The distance of the Sun once known, we have only to solve an easy 
problem in geometry, to deduce its real dimensions from the apparent 
size of its disk.* We thus know that its diameter is about 108 times 
the diameter of the Earth, or, as it may be expressed in miles, 852,900. 

The Moon, as we shall see in the sequel, revolves round the Earth 
at a mean distance of 30 diameters of our Earth. If, then, we imagine 
the centre of the solar orb to coincide with the centre of the Earth, not 
only would the orbit of the Moon lie entirely within the Sun, but to 
reach its surface, a distance equal to 26 Earth-diameters would still 
remain to be traversed. Fig. 4, drawn to scale, will show this clearly. 

So much, then, for the linear dimensions of our Sun. 

If we ask what is the extent of the Sun's surface, and what its 
volume, we find that the first exceeds 11,600 times the entire surface 
of the terrestrial sphere. If we pass to its volume, it is impossible 
not to be startled at the statement that the sun exceeds the Earth 
12,527,000 times in cubic content. 

Arago, in his Popular Astronomy, quotes the following comparison, 
well adapted to give an idea of the immensity of this volume : " A certain 

* This problem is so simple, in fact, that we cannot resist the temptation of 
proving our assertion. Take a disk of white pasteboard, say of about four inches 
(the French equivalents are given in the figure) in diameter, place it vertically, and 




1^ maooooa kiiom. •' 

Fig. S.— DimenBioni of the Sxm redaced firom its distance and its apparent diameter. 

move away from it little by little until its apparent dimensions are precisely th& 
same as those of the Sun, that is, until the pasteboard disk will exactly cover the 
solar disk. Observation shows us that the distance between the eye and the disk is- 
very nearly 12 yards. 

Now it is easy to see from the preceding fi^^ure, that there is between the real 
dimensions of the pasteboard disk and those ot the Sun precisely the same relation 
as between the distances which separate the observer from each of the two objects 
in question. The diameter of the Sun is therefore to the diameter of the disk as 
91,400,000 miles are to the distance of the disk from the eye. The method 
employed by astronomers is less elementary ; but in the main it is based on the 
same principle. 
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Professor at Angers, wishing to give his pupils a tangible notion of the 
size of the Earth compared with that of the Sun, counted the number of 
grains of wheat of ordinary size contained in a measure called a litre; he 
found this to be 10,000 ; consequently a decalitre would hold 100,000 ; 
a hectolitre 1,000,000, and 14 decalitres, 1,400,000," the estimate of the 
Sun's volume accepted in his day. *' After having gathered into one heap 
the 14 decalitres, he held up one grain, and said to his listeners, ' Here 
is the volume of the Earth, and here is the Sun.' This statement of 
the case struck the pupils infinitely more than if he had announced it 
in abstract numbers, 1 to 1,400,000." 

When we shall have seen what are the actual dimensions of this 




Fig. 4. — CompumtiTe dlmenaionB of the Son and of fhe orbit of the Moon. 

grain of com which represents the Earth, we shall be more surprised still, 
and our imagination will be crushed under the prodigious size of our 
world's light-giver, which, nevertheless, is but itself a grain of luminous 
dust lost in infinite spaca 

Out Earth being only one of the members of the planetary family, it 
would be only natural to extend the comparisons that we have made 
between its volume and that of the Sun to the principal celestial bodies 
which revolve with it round the central focus. But^ in the detailed 
description that we shall subsequently give of each of these bodies, 
we shall take occasion to enlarge more on their proper dimensions. To 
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deal with them here as a whole, we may remark that the volume of the 
Sun is itself equal to 600 times the united volumes of all the planets and 
their satellites put together. 

That we have been able, by means of the data supplied by observa- 
tion, and the laws of geometry and optics, to measure the true distances 
of the celestial bodies — ^at least of those nearest to us ; that from tb^ir 
distances we have determined their dimensions in diameter, in surface, 
and in volume, is not difficult to understand, and our readers will doubt- 
less readily admit what we have already said, although we have not 
finished with the subject^ as the question of distance will be again dis- 
cussed in the third part of this book. 

But that astronomers should pretend even to know the weight of the 
different celestial bodies, and to say how many Earths may be placed in 
one scale of a balance to hold the Sun in equilibrium in the other, will 
seem paradoxical, at all events, to many. We shall, farther on, show the 
possibility of conclusions apparently so audacious, the inquiry into which 
may seem to border on presumption. We must, however, in the interim 
invoke a sentiment which is but rarely required in science — faith in our 
assertions, not a faith which shelters itself under the impenetrability of 
the mysterious, but one which will become by future study clear and 
demonstrated truth. 

Compared with the mass of the Earth, the mass of the Sun is only 
about 315,000 times as great, although its volume, as we have seen, is 
1,252,700 times larger. This indicates a less density ; and it is found 
that the matter of which the sun is composed weighs but little more, 
volume for volume, than a quarter of that of which our own globe is 
formed. The Sun's weight approaching to 

2,000,000,000,000,000,000,000,000,000 tons, 

ranks among those numbers which present nothing to the mind, and 
leave the imagination itself powerless. 

We shall find that among the bodies of the solar system, there 
are many planets whose dimensions and masses are considerable when 
compared to our Earth's. The mass of the Sun alone, however, is equal 
to 750 times the united masses of all the bodies which it maintains in 
its sphere of attraction, and to which it dispenses light and heat 
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II. 

Solar Observations — Sun-spots — The Sun's movement of Rotation — The Kew Photographs 
of the Sun — The telescopic appearance of the Genei-al Surface — Mr. Nasmyth's 
** Willow-leaves " — Opinions of other Astronomers — The appearance of the Penumbra 
— Umbra and Penumbra of Spots — Enormous Spots — ^Thelr rapid Change of Form — 
Mr. Carrington*s Besearches on their Proper Motion. 

When clouds or mists axe thick enough to mitigate the dazzling 
splendour of the Sun's rays, but yet sufficiently transparent to enable 
us to see its disk, with its distinctly circular form, the stirface of the 
luminary appears to us uniformly luminous, with no spot .dimming its 
brightness. The same appearance, as every one knows, is presented 
when we observe it through a plate of black or smoked glass. 

But if, instead of confining ourselves to observations with the naked 
eye, we examine the body with a telescope of moderate magnifying power, 
our eye being properly protected, the enlarged image of the disk will 
usually appear to us as if sprinkled with irregularly grouped dark points. 
These are the " Sun-spots," real movable appurtenances of the surface of 
the Sun, the observation of which, as we shall soon see, is surrounded 
with the greatest interest, as it helps us in the study of the physical 
constitution of our luminary. 

The following representation of the Sun (fig. 5) will give an idea of 
the manner in which the spots are distributed, and of their grouping at 
a given time. 

Let us remark at once, that the number of the spots, their relative 
positions, and their forms even, vary constantly according to the period 
of observation. Sometimes, but rarely, the solar disk is perfectly clear, 
no spot varying the uniformity of its splendour. During a period of ten 
years, from 1840 to 1850, out of a total number of 1982 days, when 
the Sun was observed, there were only 372 days on which spots were 
not observed on its disk. 

As many as 80 spots have been visible at one time. On the other 
hand, whole years, it is stated, have passed without any being observed. 

But we must be allowed to consider the latter fact a negative one, 
resulting from the want of assiduity of observers; for since such 
astronomers as Schwabe of Dessau, Wolf of Zurich, Carrington of 
Bedhill, Dawes of Haddenham [De La Rue of Cranford, and others], 
have devoted themselves to the continuous observation of these 
phenomena, the number of days in the year when the disk of the Sun 
has not presented any spot has always been less than those on which 
groups have been recognised. 

We shall see, subsequently, that the number of spots follows a 
certain periodicity, which seems to establish a most interesting correla- 
tion between Sun-spots and the phenomena of terrestrial magnetism. 






20 THE SOLAS SYSTEM. 

r 

When obeerred vith care during aeveral consecutive days, the spots 
f.'-^'ltre seen to vary in form and position. But midst all these variations, 
\a common movement, a progression of the whole, by virtue of which \ 
'they all move in the same direction, can be distinguished. From this I 
movement has been deduced the rotation of the solar globe round an f 
axis that passes through its centre. 

Let us look again throagh our telescope. The reversed image of 
the Sun presente itself in such a manner, that the eastern edge — or /wnb 



e^^-- 






as it is called by aatronomers — occupies the right, the western one the 
left, whilst the south and north regions of the Sun are, the former at 
the top, the latter at the bottom of the image, as seen in the telescope. 
Observe a spot on the eastern edge. From one day to another we 
shall see it progresa, and that with gradually increasing rapidity, nntil it 
occupies a central position on the disk. Then it will continue to 
advance towards the left, but, in this second half of its journey, its 
rapidity will decrease, and the spot will finally disappear on the western 
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border. The same phenoineii& will take place with all the spots idtich, 
at the commencetneiit of obseiration, are scattered over the solar disk : 
all will describe in the same direction, witfi a nearly equal velocity. 
- either straight lines or slightly curved ones (according to the period of 
observation), the convexity of the latter lying in the same direction for 
all tlie spate observed at Uie tame time. 

Let us sappose that the particular spot that we have noticed is of 
an oval form, its greatest length being at right angles to its motion 
across the Sun at the moment when it appeared at the eastern border. 
In proportion as it approaches the centre the spot widens, so that it 
becomes nearly circular, then, having passed the, centre, its form 
becomes mora and more oval again, until its disappearance, its apparent 
size meanwhile in one direction not having sensibly varied. 

Fig. 6 shows the changes of form of which we speak during the first 
or last half of the period of the visibility of the spot. The effects are 



Fig. S.— Appuvnt chuge Id Um form of apota appTiMchiag or noadlug hom Oa etntn. 

produced precisely as the laws of perspective demand, if we admit that 
the Sun is of a spherical form, and that the dark spot observed passes 
over its sarface wiUi an uniform movement 

About fourt«en days is the time during whicli a spot remains visible, 
and this time is the same for all, although they do not all travene arcs 
rf precisely the same length on the Sun's surfaca 

It is ^so fourteen days after the disappearance of a spot on the 
western border before it appears agiun on the eastern, often clianged 
in form, it is true, but, nevertheless, generally recogniBable. 

Precise measurements have proved both the general uniformity and 
the parallelism of all these movements, although, independently of the 
rotation of the whole, the spots undergo slight displacements among 
themselves. 
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It was asked at first if the black points which fonn the spots really 
belonged to the body of the Sun, whether they were not small bodies 
revolving like planets around the great light-giver, and presenting to us ^ -^ 
their unilluminated faces. But the variation in their apparent rapidity 
which we have noticed, combined with the change of form which some f 
of them undergo in passing from one border to the other, does not allow j^ 
us to adopt this hypothesis. ^ 

It was also thought possible to explain the movement of the spots ^ 
\j^ V'^ from the eastern to tihe western border, by an actual translation of them ^ 
V^ -^^A* across the surface of the Sun, itself immoxfible^^ But if so, how shaU 
\^^ y^ we account for this absolute uniformity in their movements 1 
"^ ^ ' Thus, there are two fiu^ts of great importance placed beyond all ^ 

>.*■ question by the attentive and continued observation of these black 

points which are scattered over the surface of the Sun ; on the one hand, 
the spherical form of the body, on the other, the existence of a move- T. 
ment of general rotation. Moreover, this movement takes place from 

r right to left^ or from west to east ; that is, as we have already seen, 

y/* precisely in the same direction as the movements, both of rotation or 

\ ,Ji/>^ revolution, of the other bodies of the solar system. 

\ . When, three centuries ago, the discoveries of Copernicus at last 

X{ brought to light the true system of the world, the Sun was promoted 

^ '' from the secondary rank of satellite to the Earth to that of sovereign of 

f A^ the planetary kingdom, and it was imagined that he was enthroned, 'Z 

\^ immovable, in the centre of his court. It was not suspected either that ^ 

he was whirling through space accompanied by his dependants, or tliat ^ 
^ J^ he turned on an axis. Why, it was said, this latter movement, in a body 

which itself is light and heat, and knows only an eternal day 1 ^ ' ^'^ - ^ 

These two movements are, nevertheless, real movements. The i^ecent 
progress of Sidereal Astronomy has demonstrated the movement of trans- 
lation of the solar system in space, as the observation of the Sun-spots has 
proved the rotation of the Sun. 

It was in 1611 that this last and important discovery was made. 

, Before that time, Jordano Bruno and Kepler had suspected the movement 

of rotation ; anticipating, as remarked by Arago, actual observations by 

^ their genius, while the astronomer, Jean Fabricius, discovered both the 

' .y^' spots and their general displacement on the surface of the disk. 

We have said before, that about 28 days elapse between the appear- 
r ance and disappearance of a spot on the same edge of the Sun ; the 
\ -^ time of the actual rotation is actually less by two days.* 

'^ " * Let OS endeaToar to nndentand this important distinction. 

If we 'take a spot, a, on the accompanying diagram at the moment when, as seen 
' . T ^ from the Earth, it coincides with the centre of the Son, and disregard the inegnlar 

displacements to which it will be subjected on the stmace of that body, an entire 

ted 



*. ^ 



^ rotation will seem to us to be effected when the same spot returns to occupy the 

^^ same central portion after 27 days 12 hours. But, during this time, the Eartn, our 

movable observatory, will be dlBplaoed in its orbi^ and will have described an arc, 

^m T, its primitive position, to T, its new position. At this moment, the spot 
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We are here content to state the time of the Son's rotation thus 
broadly, as we shall have to return to it by and by. 

The plane of the Sun's equator is but slightly inclined (7^ 15' accord- 
ing to Carrington's latest researches) to the ideal plane in which our Earth 
moves round the Sun. If this inclination were nUy we should always see 
the spots moving in right lines over the disk, parallel to the solar equator. 
Sut this inclination causes us to be sometimes above and sometimes below 
the plane of the Sun's equator. Hence the curved paths of the spots at 
some seasons, the convexity sometimes being towards the north, at others 
towards the south. But at the two intermediate seasons, that is, on the 
6th of June and the 8th December, the Earth is exactly in the plane of S*^^ 



the equator,* and at these times 
we see the spots moving in straight 
lines. Fig. 8 will render our 
statements clear [but it must be 
understood that the feature illus- 
trated is greatly exaggerated.] 

Sun-spots are confined in the 
main to two zones, situated on 
each side of the equator, and they 
are seldom observed on other parts 
of the disk, whence it seems to 
follow, that the phenomena which 
give rise to them have a certain 
relation to the movement of rota- 
tion of the solar globe. If the 
luminous surface of the Sun be an 
incandescent fluid [or be composed 
of masses of gas or cloud], it is 
conceivable that the rapidity of 
rotation gives rise to a centri^gal 
force which, though absent at the 

poles, constantly increases towards pig. 7. -Difference of time in the apparent rota- 

the equator, where it attains its **«^ ^^ **»« ^un, and ita real rotation. 

maximum. Hence arise currents, whirlwinds, and, no doubt, breaks or 
rents in the luminous surface. 

The rapidity of rotation increases of course from the poles towards 
the equator, and is much greater than would be imaginable at first sight 

has rerolved not only back to a again, but also through an additional part of the 
arc a a', 80 tiiat it has actoallj effected more than an entire rotation. In other 
words, the point of the surface of the Snn, which corresponded first to the centre of 
the disk, is now to th^^^^f the new central point a', by the fact of the movement 
of the Earth. ^The appfRKT period of the rotation exceeds thus the real period by 
the time necessary to traverse the path a d, A simple calculation shows that this 
period is about two days. 

* [The ascending node of the Sun's equatorial plane is situated in heliocentric 
longitude 73* 40* for 1860-0 (Carrington).] 
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to judge from the elowneas of its angular moTement. A point situated 
on the solar equator, however, trayels with a velocity of 4560 miles an 
hour, or about 1^ miles a second ; that is, nearly four times and a half 
faster than a point situated on the terrestrial equator. 

Now that the spots of the Sun have revealed to us its movement 
of rotation, and the direction, manner, and duration of that movement, 
let us study in detail these interesting phenomena, and see what know- 
ledge we can gather of the physical constitution of this giant of our 
planetaiy system. 

Turn to Plate II. which represents a series of Sun-spots. It will 
be seen that the spots consist almost invariably of one or several dark 
portions called umbrae which seem black when compared with the lumi- 
nous parts of the disk. 








s 

July. September. 8th December. 

Fig. 8.~I>ilferent fiatlu of San-tpots at dlfRsrent periods of the year. 

Around these, a grey tint furrowed with dark striaa forms what is 
named, improperly, the penumbra. The majority of spots are composed 
of one or several imbr<Ey enclosed in one penumbra. But sometimes spots 
appear without the greyish envelope, as also occasionally penumbr» 
unprovided with umbrcR, 

The forms of the spots, as shown by the drawings placed before the 
reader, are most varied. The penumbra most frequently reproduces the 
principal contours of the umbra, and often presents a great variety of 
shades, when examined with considerable magnifying powers. On the 
exterior edges of the penumbra, the grey tint seems generally the deepest, 
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either by Uie effect of contrast with the brilliaDt portioiu that surround it, 
or because in reality it possesses at these points a more decided tint 

Fig. 9 affords a striking example af tlue aspect of the penumbra. 

This spot presents the peculiarity, not at all unfrequent, that the dark 
umbra is divided into several fragments by luminous bridges, spanning 
it, as it were, from one side of tlie penumbra to the other. 

The umbra itself is far from offering an uniform block tint In 
reality it always presents the appearance of varied shades, as if tlie 
penumbra and umbra were mingled, and mixed up theii tints in varied 
proportions, 

[We owe to the Rev. W. R. Dawes the discovery that the umbra is 
bat a darker kind of penumbra ; for under the best conditions of ab and 



fig. ft— finn-ipota, ahowliig ombn, pgaumbn, ud Iiimlaoiu bridgB*. (HumTtti.) 

instrament, he has found within some umbra a much darker porUon — 
which he calls the nudtus. This he finds to be of the most intense black- 
ness ; but in saying this we must warn our readers that such a word as 
q>plied to the Sun is comparative only. Sir J. Herschel has shown that 
a ball of ignited quicklime, in a Drummond's oxyhydrogen lamp, which 
itself gives out an apparently near approach to sunlight, when projected 
on the Sun a^ieart as a black spot So that the Sun-spota, properly so 
called, may not be so black after all !] 

The transits of Mercury, moreover, over the Sun's disk have taught 
us that the umbra is less dark than the unilluminated face of a planet 

We shall now speak of the real dimensions of the spots, the anccesdve 
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changes which they undergo, &nd what astronomers call their " proper 
motion, ' that is, their actual movement on the Sun's surface in any 
direction. 

The dimensiooa of the spots are extremely variable, and they some- 
times cover enormous areas. It is not uncommon to see one with a surface 
lai^r than that of the Earth. Schroter measured one, the extent of 
which W&3 equivalent to sixteen times the surface embraced by a great 
circle of our Earth, or four times the entire superficies of our globe ; its 



diameter, therefore, was nearly four times the diameter of the Earth, that 
is to say, more than 29,000 miles. Sir W. Herschel, in 1799, measured 
a spot consisting of two parts, the diameter of which was not less than 
50,000 miles. Some spots observed by Captain Davis on the 30th of 
August 1839, show what enormous proportions they sometimes attain. 
The most extensive was not less than 180,000 miles in its greatest length, 
its surface embracing about 24,000,000,000 square miles. 
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If the spots are deep rents ia the envelope, of what enormons 
capacity must be those gulfs, those gigantic abysses, at the bottom of 
which the Earth would only be as a boulder in the crater of a volcano I 

Kot only are Sun-epots not permanent — ^it is rare that one lasts for 
many succeestve rotations — but their fonns and dimensions differ from 
<me rotation to the other ; sometimes even in the interval of a day. 

The modification undergone by groups of spots, in about the interval 
of one rotation, can be seen in figs. 1 1 and 1 2. 

These different groups, though easily recognised again, form, never- 
theless, a new etwemble, and the details of tube spots are etiU more modified. 

These changes indicate two phenomena going on simultaneously, 
which oheervers have separately studied. On the one hand, we have 
here indicated a proper motion of the spots, more or less rapid and 
distinct from the apparent movement produced by rotation. According 



Fig. 11. — Tmufomutlon of groan of 8oUr ipoU in the IntwBl of t roUtlou. 
Obmred 1>f H. FutorfT on Mth Tikj ud llrt June 1818. 

to Langier, the proper motion of a spot observed by him was not less 
tiian 363 feet a second ; that is to say, three times greater than that of 
clouds carried along by the most violent hurricane. 

[The proper motion of the spota has recently been inquired into in 
the most complete manner by Mr. Carrington, who has been willing to 
observe the Sun every fine day for eight and a half years, in order to 
supply his share of information for the solution of that great question, 
"What is a Snnt" What he hss discovered shows ua that there need 
be no wonder that various observers have differed so groatly in the time 
they have assigned to the Sun's rotation. As our readen already know, 
that rotation has been deduced &om the time taken by the spots to 
cross the disk. Mr. Carrington now shows that all Sun-spots have a 
movement of their own, and that the rapidity of this movement varies 
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regnlarlf with their distance from the solar equator. In fact, the spots 
nt-AT t.h B pj] imt,nr travel faster than thoiw aty ny fmti] it, BO that if W© 
take the eBtimat«d motion for the Sua's eqaator we shall say that the 
Son rotates in about 25 days ; and if we take a spot situated half-way 
between the equator and the poles (in either hemisphere), we shall say 
.^^ that it rotates in ahout 28 days. This, truly, is an important etand- 

iV^ point gained, but while it aidii our knowledge of the photosphere — ^that 

silver sea over which the spots, like gondolas, so slowly glide — it tells 
us that of the rotation of the sun itself lying tindemeatb this fiety 
envelope we are yet entirely ignorant, for if it be a solid jnass it can _ 
only have one period of rotation. Which is itt] fr^^ I**- ^ 'W*^ 1/, 
We now come to the other phenomenon indicated. The change of y'j/^- 
form is not less rapid than the proper movement Sometimes a spot ( ^ 



■ ' O*^ divides into several separate nuclei; sometimes many distinct nucleic^ 
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reunite into one. Arago quotes from Wollaston a curious instance of 
a spot which seemed to break upon the surface of the solar globe, in 
the same manner as a fragment of ice thrown on the frozen surface of 
a sheet of water divides into several pieces, and slides in all directions. 

[Diligent observation, moreover, of the umbra and penumbra with 
a powerful instrument, reveals to us the fact that change is going on 
incessantly in the region of the spots. Sometimes, after the lapse of 
an hour, many changes in detail are noticed : here a portion of the 
penumbra setting sail across the umbra ; here a portion on the umbra 
melting from sight ; here, again, an evident change of position and 
direction in masses which retain tlieir form.] 

Are, then, these spots the only exceptions to the uniform brightness 
of the Sun's surface ) They are not 

[Near the edge of the solar disk, and especially about spots approach- 
ing the edge, it is quite easy, even with a small telescope, to discern 
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certain very bright streaks of diversified form, quite distinct in outline, 
and either entirely separate or coalescing in various ways into ridges and 
network. These appearances, vhich have been termed '* faculffi," are the 
most brilliant parts of the Sun. Where, near the limb, the spots become 
invisible, undulated shining ridges still indicate their place — being more 
remarkable thereabout than elsewhere on the limb, though everywhere 
traceable in good observing weather. Faculse appear of all magnitudes; 
and Professor Phillips, whose description we are quoting, has observed 
them from barely discernible, softly-gleaming, narrow tracts, 1 000 miles 
long, to continuous, complicated, and heapy ridges, 40,000 miles and more 
in length, 1000 to 4000 miles broad. By the frequent meeting of the 
bright ridges, spaces of the Sun's surface are included of various magni- 
tudes and forms, somewhat corresponding to the areas and forms of the 
irregular spots with penumbne. They are never regularly arched, and 



Fig. 13.— Snn-ipata Barroand«d by i plitfono of tscnlc (CaiiocoL) 

never formed in strught bands, but always devious and minutely un- 
dulated, like clouds in the evening sky, or irregular ranges of snowy 
mountfuns. 

Ridges of this kind often surround a spot as shown in fig. 1 3, and 
hence appear the more conspicuous ; but sometimes there appears a very 
broad white platform round the spot, and from this the white crumpled 
ridges pass in various directions. Towards the limb the ridges appear 
parallel to it ; away from it, this character is exchanged for indeter- 
minate direction and lessened distinctness ; over the remainder of the 
surface they are much less conspicuous, but can certainly be traced] 

There would seem to be a close connexion between spots and faculee, 
for M. Chacomac, an eminent French observer, holds that spot£ are dis- 
tributed for the most part in groups, with their greatest length parallel 
to the Sun's equator, and that the first spot of the group is the blackest, 
the most regular, ami lasts the longest As the spots on the wake of the 
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fint disappear, they give place to laculn, which invade and cover over 
the regions where the spots showed themselves : then the original spot 
appears followed by a train of facala. 

So much for the more salient phenomena of the Sun'e aorface, which 
we can study with our telescopes. There is mnch more, however, to be 
inquired into ; and astronomers — so Ettr from being dismayed at the 
enormous distance of our central laminary, and at the fact, that with onr 
most powerful instnimeuts we can only watch the changes perpetually 
J going on on its surface as we could do with tlie naked eye at a distance 
^f 180,000 miles, — are at the present moment engaged in a diacuBsion 
on the more minnte appearances re- 
vealed to us under the beet conditions 
of air and instrument 

We may begin by saying, that 
the whole surface of tLe Sun, except 
those portions occupied by the spots, 
I is coarsely vwttled ; and, indeed, the 
^ .- ^ ^^_a.'""^J ^ y ^M mottled appearance requires no very 
Mt L^ W^^ *j^ -»f%^' largeamountof opticalpowertorender 
■f , 'Jj^fcr ♦•--^^^^^fc^ itvisibla It has been often observed 
? ^^^al^f l!D*'^ withagoodrefractorofonly2Jinche8 
rf'v jSS^^^^fcf'i^S^ aperture. Examined, however, with a 
y»-^^»»w5 f^^ w^S'i 5 1 1^1^ instrument, it is seen that the 
4-. O.U.. f^ *-**^*^^"*^^ J^ surface is principally made up of lu- 
I minous masses — described by Sir W. 
' Herschel as " comigations" and small 
J points of unequal light — imperfectly 
^ , I „- ^^ separated from each other by rows of 

^ g * ^) v^ r> -^^'*|fe|ii?'''^C luiu'i^ dark dots, called pora, the in- 
fcjtd^**"!^ ^.J L *"^fe"* **'^fc,^ tervals between them being extremely 
* > ♦ ^1^ ^SmEJiiSm^JE^^ small, and occupied by a substance 
^^'y »>-»-r^t .^i^S^CSS decidedly less luminous than the ^Tia- 
Pig. n.— spot wtth fMuiw, H«r M, IMS, ~^ ralsurface. Mr. Nasmyth has recently 
(c«pt, Noble.) announced his discovery that these 

pores are the " polygonal interstices between certain luminous objects 
of an exceedingly definite shape and general uniformity of size (at least 
as seen in projection, in the central portions of the disk), which is that 
of the oblong leaves of a willow-tree."* According to other observers, 
however, these luminous masses present almost every variety of irregular 
form: they are "rice-grains," "granules or granulations," "untidy circular 
masses," " things twice as long as broad," " three times as long as broad," 
and 80 on. Mr. Dawes asserts, indeed, that he has seen some nearly 
in contact differ so greatly in size that one was four or five times as large . 

* H«rtch«ri Outlin«» ^ Attnmomy, p. <tS6. 
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M the other ; and while, in a Tenurkabl^ bright mws, one somewhat 
resembled a blunt &nd ill-shaped arrow-head, another, very mach smaller, 
and within 6* of it, was an irregular trapezium, with rounded comers. 
With regard to the general surface of the Sun, therefore, it is not so 
easy to reconcile the conflicting opinions to which we have alluded. The 
appearances which, according to Mr. Nasmyth, arise from the interlacing 
and irregular arrangement of his " willow-leaves," Mr. Dawes, who is one 
of the most assiduous observers of the present day, and who has closely 
studied the solar surface, explains veiy differently. He looks upon them 
not as individual and separate bodies of a peculiar nature, but as merely 
rendering visible to us different conditions as to brightness or elevation 
of the larger masses forming the mottled surface, "just as the brightest 



Ffg. IS.— Sanirot, Aptfl i, IBSi. (LodiTU-) 

Tin Intirlor ontllne ol tlia poumbn uid otiiar (pp**™>i°" pnjKtsd oi 
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Uilr ukd too nar lontlwr, MoppoMdtsUw "thlugi'on lh« puiDinbn. 

r. HantlwiianunbniMaw(»im[»Hdotlij«m,ii)id tHe '^'tUngi" ire unnc*! Ilk« ruthen 
on B dack'i wing. 

portions of that surhoe, and the faculn also are different conditions of the 
general photosphere." " Their forms and sizes," he says, " are so various 
as to defy every attempt to describe them by any one appellation or 
comparison. But the rarest of all forms is the long and narrow." 
He word "willow-leaf," however, very well paints the appeavance 
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of the minute details sometimes observed in the penumbrse of spots, which 
occasionally, as seen in fig. 9, appear to be made up of elongated masses 
of unequal brightnesses, so arranged that for the most part thej point 
like so many arrows to the centre of the nucleus, giving to the penumbra 
a radiated appearance. At other times, and sometimes in the same spot, 
the jagged edge of the penumbra, projecting over the nucleus, has caused 
Mr. Dawes to liken the interior edge of the penumbra to coarse thatching 
with straw, the edge of which has been left untrimmed. But other ap- 
pearances are assumed, depending upon the amount and kind of action 
going on in the spot at the time. This has recently been abundantly 
demonstrated by Father SecchL The occasional "willow-leaf appear- 
ance of the penumbra is represented in fig. 15. 

Mr. Dawes has come to the conclusion that the "granules" or 
^ granulations " are generally larger and brighter on the brightest parts 
than on the darkest ones; the difference in brightness of the individual 
" granules " in each -part being much the same as in the different masses 
themselves : on each of the larger masses the individual granules are 
all very nearly of equal brilliancy throughout the mass to which they 
belong. They are not in general, if ever, mixed together-^ome much 
brighter, and others far less bright, on the same mass. There are also 
darker or shaded portions between the granules, often pretty thickly 
covered with dark dots like stippling with a soft lead-pencil ; these are 
what have been called " pores " by Sir John Herschel, and " punctula- 
tions " by his father. Some of these are almost black, and are like 
excessively small eruptive spots.] 



III. 

Theories of the Physical Constltation of the Sun — Wilson's Theory — Kirchhoff*s Theory 
—Their Antagonism — Opinions of M. Faye and Mr. Herbert Spencer — Solar Cyclones 
— Probable downrush of Clouds into a spot, and Consequent Disappearance — Spectro- 
scopic Observations of the Prominences — ^Recent DiscoTeries respecting the P^mi- 
nenoes and Sierra — Intensity of the Sun's Light and Heat 

Great interest, doubtless, attaches to a knowledge of the relative move- 
ments of the celestial bodies, and to the possession of the secret of the 
successive changes of position of the luminous points in the starry vault 
which we are enabled to contemplate. These phenomena, studied with 
admirable perseverance during twenty centuries, have at length unveiled 
to us the structure of the universe, by enabling us to comprehend in all 
its detaOs that of the system to which the Earth belongs. 

But the domain of Astronomy is not restricted to the study of these 
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general Uws, bo great in their simplicity. It embraces also all the pheno- 
mena appertaining to each celestial body coneidered singly ; phenomena 
which, when taken as a whole, allow us to form the most reasonable 
conjectures asto its particular constitution. The Earth, naturally enough, 
was the first body of which the physical constitution was studied and 
known, and this, of course, apart from all astronomical considerations, and 
by direct methods very different from those employed by astronomers. 

greyish tint. Hence, black spots surrounded with penumbm. 

But it may happen that the opening thus made in the photosphere 
will be smaller than that in the cloudy stratum. In this case the black 
nucleus will be alone visible, and it is thus that a spot without penumbra 
IB explained. If, on the contrary, the rupture in the first envelope closes 
np before the photosphere, then the obscure body will be invisible, a 
CLTcniustance which easily explains penumbrte without a nucleus. These 
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different cases are all represented in fig. 1 7, where the conditions necessary 
to present these appearances to an observer on the Earth are indicated 

WhAn A flAfUim Ja ■uuJ..«*1tf an^ an^^xuilu ».— *"! ■ * ^w, fl in a. gftqflmia JUAf 

ng. IS.— BxplumUoii or BoD-ipota od Wllun'i bn><itb«li : a a, pbotoepbere : b b. cloudr atntnm. 
A, ipot wllb DDcleiu (niqbn) (nd iKuombn ; B, Ducleiu {iimbn vltliout pennrabn); C, 
pcnombn wltbout riucleni (luabn). 

The bodies nearest to us and most easy to observe, thanks to their 
apparent dimensions — the Moon and the Sun — come next in turn. Then 
followed the several planets of our system ; and at length the investigators 
of science, overcoming the abysses which separate ua from the other sys- 
tems of the sidereal universe, have attacked with success the problems 
which deal with the physical constitution of the Stars and Nebula. 

The nature of the light by which a celestial body reveals it« existence 
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to US 3 its intensity ; the heat wliich it receives or gives out; the nature of 
the matter of which it is composed ; the various phenomena which it 
reveals to us ; the changes of form and of colour which these phenomena 
undergo ; the succession of day and night and of seasons deduced from 
its various movements ; the mass ; density ; and force of gravity at its 
surface — these are some of the principid points, the study of which 

belongs to that part of our subject called Physical Astronomy ; a part 
«»if(A ««nfttr, TdTO eage oT wnicn nas been lett untrmunecL isut otner ap- 
pearances are assumed, depending upon the amount and kind of action 
going on in the spot at the time. This has recently been abundantly 
demonstrated by Father SecchL The occasional "willow-leaf" appear- 
ance of the penumbra is represented in fig. 15. 

Mr. Dawes has come to the conclusion that the "granules" or 
^ granulations " are generally larger and brighter on the brightest parts 
than on the darkest ones; the difference in brightness of the individual 
" granules " in each part being much the same as in the different masses 
themselves : on each of the larger masses the individual granules are 
all very nearly of equal brilliancy throughout the mass to which they 
belong. They are not in general, if ever, mixed together — some much 
brighter, and others far less bright, on the same mass. There are also 
darker or shaded portions between the granules, often pretty thickly 
covered with dark dots like stippling with a soft lead-pencil ; these are 
what have been called " pores " by Sir John Herschel, and " punctula- 
tions " by his father. Some of these are almost black, and are like 
excessively small eruptive spots.] 



III. 

Theories of the Physical Constitution of the Sun — Wilson's Theory — KirchhoflTs Theory 
—Their Antagonism — Opinions of M. Faye and Mr. Herbert Spencer — Solar Cyclonea 
— Probable downruah of Clouds into a spot, and Consequent Disappearance — Spectro- 

t scopic O baervationa of the Promineucea— BfiCfint Discoveries respecting the Promi- 

We have, lastly, a third atmosphere, which is illuminated by tJie 
photosphere, is transparent, and surrounds all the others, and is com- 
posed of strata the density of which decreases as they increase in dis- 
tance from the central body. 

Let us see now how this hypothesis accounts for the appearances 
presented by Sun-spots, and the shaded or luminous portions of the 
remainder of the disk. 

If we imagine that on the surface of the dark nucleus there are 
formed from time to time gaseous masses, incandescent by reason of their 
high temperature ; or again, if there exist on the same surface centres of 
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Tolcanic disturbance, the eruptiona proceeding from these enters, piercing 
and tearing away suocesaiTely the two interior atmospheres of the Sun, 
would produce holes of the greater or leas extent, openings through which 
the centnl nucleus or the overlying umbra could be seen. These 
openings, therefore, should present generally the form of an irregular 
cone, widened at the upper part, exposliig at ite centre the solid and 
obacure part of the Sun, and all around this the cloudy atmosphere of a 
greyish tint. Hence, black spota surrounded with penumbm. 

But it may happen that the opening thus made in the photosphere 
will be smaller than that in the cloudy stratum. In this case the black 
nucleus will be alone visible, and it is thus that a spot without penumbra 
is explained. If, on the contrary, the rupture in the first envelope doses 
up before the photosphere, then the olMcure body will be invisible, a 
circumstance which easily explains penumbrts without a nucleus. These 
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different cases are all represented in fig 1 7, where the conditions necessary 
to pr^nt these appearances to an observer on the Earth are indicated. 

When a fissure is violently and suddenly produced in a gaseous mass 
like the photosphere, we must expect to see round the opening a heaping 
up of the matter of which it is formed, and consequently much greater 
luminous intensity. 

Sach would seem to be the origin of faculffi, which generally, as we 
have seen, surround the spots. 

The theory of the physical constitution of the Sun accounte in a very 
satisfactory maimer for ihe details of the phenomena observed. The 
various forma of the spots, their disappearance, their motions even, are 
easily and naturally explained. The fact often observed, that the nucleus 
diminishes little by little, and is reduced to a mere point, leaving the 
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penumbra visible sometimes after its disappearance, is admirabl/ ex- 
plained : it is precisely in this manner that Uie edges of the two atmo- 
spheres should gradually come together when the cause which gave rise 
to their disturbance diminishes in energy and disappears. 

It may also be conceived, that after the disappearance of a spot, the 
faculsB ought still to remain and even to appear more brilliant^ since a 
certain time must be necessary to re-establish the perfect homogeneity of 
the gaseous strata : and that the gaseous matter, in filling up the cavity 
formerly occupied (apparently) by the umbra or nucleus and the penum- 
brsa, would naturally condense, and thus become more luminous 

Besides the ascending currents, the rapidity of which is powerful 
enough to pierce the atmospheric envelopes of the Sun, it is thought that 
there ensts a continual agitation in the gaseous strata and on the surface 
of the photosphere. This surface is not smooth, but furrowed with eleva- 
tions and depressions in every direction, analogous to the waves of the 
ocean. Hence the luminous ridges, and darker intervals, and multitude 
of pores, giving the Sun the mottled aspect before mentioned 

The apparent changes of form, which result from the rotation of the 
Sun,now remain to be explained. Infig. 6are represented the appearances 
presented by a spot as it travels from the edge to the centre of the disk, or 
vice versd. The elongated form of a spot at the edges, compared to its 
rounded form at the centre, is an effect of perspective, and results from the 
spherical form of the Sun. But this is not alL If the spot and its 
penumbra are formed by a conical opening, the sloping sides of which 
reveal to us the thickness of the envelopes,* the portion of the penumbra 
turned towards the centre, will disappear first, while the penumbra on the 
side nearest the limb will apparently increase. The same appearance will 
be produced at the moment of the appearance of a spot on the eastern limb. 
This ia due to a simple effect of perspective, which fig. 1 7 will show at once. 

The preceding theory is entirely founded upon the hypothesis that 
the light of the Sun does not belong to the nucleus, but that it is 
radiated by a gas in a state of incandescence, t . 

* M. Petit, of Toulouse, has succeeded recently in measuring the lieiffbt of the 
cloudy stratum which gives rise to the appearance of the penumbra. He has found 
it to be upwards of 4000 miles. [Professor Phillips has found a much smaller 
heiffht — 300 miles — to be a probable limit. Faye, however, adopts a value not 
differinff greatly trom Petit's.] 

t That the Sun is not a solid body, at least that its visible surface is not solid, 
we must admit, in conseauence of the extreme mobility displayed by the phenomena 
of that surface. But it is not so evident that it is not an incandescent liquid or 
body in a state of fusion. This fact has been held to be established by an experiment 
of Arago's. The optical properties of the luminous rays radiated by an iffnited gas 
are very different from those of rays the source of whicn is a liquid or solid mass, at 
least if these rays leave the surface of the incandescent body at a very small angle 
from the limb of the sphere. Whilst the latter rays, examined by means of a very 
ingenious instrument called a "polariscope," by its able inventor, are decomposed 
into two coloured pencils, the others, in passing through the same artificial meaium, 
remain in their natural state. Now it is precisely the latter phenomenon which is 
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The physical constitution of the Sun is much more simple, if we 
aeeept the reasoning of those who adopt a second theory which is less 
at variance with the ideas held by those unfamiliar with Astronomy 
on the subject of our great luminary. But^ perhaps (at least such is 
our way of viewing it), it scarcely renders a more satisfactory explana- 
tion than the other of all the observed phenomena, and it leaves without 
explanation many circumstances of these phenomena. According to it, 
the Sun is formed of an incandescent nucleus, the direct source of the 
light and heat which it emits ; whether it be a solid or liquid nucleus 
matters not. The nucleus is surrounded with a very dense atmosphere, 
formed of the constituent elements of the body, — elements whidi the 
intensity of the temperature maintains in a gaseous state. 

K partial coolings take place at different points of the atmosphere 
by the action of unknown causes, what happens t There will be formed 
at these points precipitations analogous to the clouds of aqueous vapour 
in the terrestrial atmosphere. Very dense agglomerations of vapours 
in the vesicular state, dark clouds intercepting the luminous rays of the 
body of the Sun, will appear to us as spots on its disk. 

A cloud, once formed, becomes a screen to the upper regions, hence 
a cooling down of these regions, and the formation of a lighter cloud- 
screen, less opaque, and which as seen from the Earth will present the 
appearance of the penumbrse which surround the spots. 

According to this hypothesis, the apparent changes which the spots 
undergo in moving from the border to the centre, ort^ versdyare explained 
also by an effect of perspective, which fig. 1 7 will convey to our readers. 

Seen in ground-plan on the centre of the Sun, the spot will seem 
to occupy the middle of the penumbra ; but in travelling towards the 
border part of the upper cloud situated towards the centre will be pro- 
jected on the dark nucleus, and will be confounded with it, whilst the 
portion of the same cloud towards the limb will apparently increase by 
exposing to view the thickness of the light cloudy mass which overlies 
the darker one.* 

This theory has been put forward in support of some recent discoveries 
of great importance to which we must now call attention. 

presented by the light emanating from the borders of the Sun. Hence Arago con- 
cluded that the luminous surface of the solar globe conmsts of gas in a state of 
ignition. Bat this does not preclude that the interior nucleus may be liquid, that 
is to say, composed of mineral substances in a state of fusion. 

* It has been said that the second theory leaves some important facts without 
explanation. It accounts neither for the existence of faculfe, nor for the granu- 
lations. One does not see also why spots should not be found near the poles, or 
why, when a spot disappears, the penumbra still subsists after the disappearance of 
the nucleua It does not explain the difference which exists between the spots 
without penumbrsB and the penumbne deprived of umbne. Besides, a general fact 
of observation, which seems inexplicable if the spots are clouds in suspension in the 
solar atmosphere, is, that the spots always disappear a little before they reach the 
limb, when, according to this hypothesis, they should invariably notch it 
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Every one is acquainted with the glorioiu coloured band called "the 
spectrum," vhich is produced by the decomposition of white l^ht by 
means of a prism. Every one knows, too, that, besides the seven primary 
colonrs, there is in the spectrum of aunligbt a multitude of dark lines 
which completely divide the coloured bands in the direction of ite breadth. 
By comparing thess dark lines with the brilliant lines of the different 
spectra of the light given out by the flames of different metallic Bub- 
stances, philosophera have arrived at the knowledge, that the light 
emitted by the luminous nucleus of the Sun must traverse, before it 
reaches us, an atmosphere charged with certain metallic vapours. The 
nature of these vapours even has been determined with precision ; and 
" spectrum analysis," — the name devoted to this new and already fertUe 
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branch of science, — teaches us that the solar atmosphere contains in 
the metallic state, vapours of sodium, iron, nickel, copper, zinc, and barium. 
The presence of cobalt is doubtful The presence of gold, silver, mercury, 
lead, tin, or silicium, so abundant in the terrestrial crust, or of arsenic, 
antimony, strontium, cadmium, or lithium, has not jet been proved. As 
the dx metals of the first series exist in the Sun's atmosphere, they must 
also exist in the very body of the Sun. 

Here we have, then, a wonderful instance of a celestial body, 
separated from us by an enormous distance, the constituenta of which 
are studied in their most minute detail, — analysed, if one may so say, 
with the same certunty as if they were put into one of tbe crucibles of 
our chemical laboratories. We shall have more to say about spectrum 
analysis when we try to answer the qnestion, " What ia a start"* 
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[The first imporUnt point is ihe evidence obtained in recent times is, 
tiutt the Sun spots are cavities ; this supports the notion held by astro- 
nomen, and is opposed to an important statement made by Kirchhoff. 
AstronomeTB,doubtle8B,wouIdbaTeaooQer asserted thesmall mean density 
of the San and its enormons heat in support of the evidence of their 
telescopes, if they bad not so long held to the theory of the cool and 
habitable globe underneath. So that Arago's deduction from his ex- 
periments on the polarisation of the Sun's light — a deduction which 
supported the theory of the gaseous nature of the photosphere ftvm a 
new point of view — was doubly welcome. 

li Faye has removed ^e grounds for Sir John Herschel's ob- 
jection to this experiment, and has ahown, moreover, that it can 
be reconcUed with Kirchhoffs spectroscopic one. He considers the 
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formation of a photosphere to be a simple consequence of cooling, 
and looks upon it, in fact, as the limit which separates the intense 
heat of the interior portions of the Sun from the vacuum and cold of 
space. 

From this point of view, the beautiful experiments of Arago and 
Kirchhoff are seen to be no longer contradictory. The term incandacent 
gas was not used by Arago in the sense attributed to it now. The flame 
he used was that of an ordinary gas-jet, and not the obscure one of a 
Buiuen's burner, or of a simple gas. Incandescent molecules diffused in a 
gaseooB medium, itself heated to a high temperature, give a continuous 

rapport combustion, such u oxTgen uid chlorine, do not exist in it, or if the; do, 
the; (TB mixed with combastible bodies in a state of diasocittion, of which we nave 
eismples when these bodies are raised to s ver;;high tempentars. 
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spectrum, with the exception of the d^rk lines due to the ahsorption of 
the medium.* 

The formation of the photosphere enables us to account for the spots 
and their movements. Ilie successive kyers are constantly traversed by 
vertical currents, both ascending and descending. In this perpetual 
agitation we can readily imagine that where theascendingcurrent becomes 
more intense, the luminous matter of the photosphere is momentarily 
dissipated. Through this kind of unveiling it is not the solid cold and 
black nucleus of the Sun that we perceive, but the internal ambient, 
gaseous mass, of which the radiating power at the temperature of the 
most vivid incandescence is so feeble, in comparison to that of the 
luminous clouds of the non-gaseous particles, that the difference of these 
powers suffices to explain the striking contrast between the two tones 
observed in our telescopes.] 

[Kirchhoff may be said, however, to have overthrown M. Faye's 
theory by showing that it is not in accordance with the well-known law 
called " the theory of exchanges," according to which the radiating and 
absorbing powers of the same body are strictly complementary. " M. 
Faye imagines," he reasons, " that the nucleus of the Sun is even hotter 
than the photosphere, and yet dark. He conceives this nucleus to be 
gaseous, and because gases have but slight radiating powers, he imagines 
that these two properties can both appertain to the solar nucleus. But 
from the proportion which holds between the radiating and absorbing 
powers of bodies, it follows inevitably that, even if the light emitted by 
the nucleus were altogether imperceptible by the eye, the nucleus, what- 
ever its nature, would be transparent ; so that we should see through the 
opening in that half of the photosphere turned towards us the inner 
side of the other half (viewing it through the whole of the solar nucleus), 
and we should recognise no sign whatever of the existence of an opening." 

Even more decisive is the evidence supplied by the spectroscope. For 
the spectrum of the umbra of a spot should, accordiing to M. Faye*s 
theory, exhibit bright lines, superposed, perhaps, on a faint continuous 
spectrum ; but, instead of this, the spectrum of the umbra has been shown, 
by Professor Young, to differ chiefly from the spectrum of the photosphere 
in the increased strength of certain dark lines. From this observation 
(which has been confirmed by Secchi and others) it follows conclusively 
that the spots are regions of increased absorption. — IL A. P.] 

[Mr. Herbert Spencer's remarks as to possible causes of sokur spots are 
very valuable; for, whatever theory of their formation be the true one,it is 

* [The resetrches of Fnnkland, howeyer, throw doubt on this oonclurioiL He 
has been able to show that increase of atmospheric pressnre alone suffices to cause 
an increase in the brilliancy of a flame. A candle boming at the summit of a lofty 
mountain, for instance, is much less luminous than one burning near the sea-level ; 
yet the difference is not due to any difference in the rate of combustion. This is 
proved by the fact that a candle loses in a given time the same amount of weight 
whatever the level at which it buins. — R. A. P.] 
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certain that tKe rapid formation of the spota, their movementa, and their 
disappearancee, indicate meteorological phenomena on the most gigantic 
scale, of which the imagination can scarcely form an idea. Immense 
■^clones pass over the surface of the Snn with fearful rapidity, as is 
rendered evident by the form and changes of certain spote, as observed 












Fig. iO.— Cbuiea In tha ihap* of > 8nD-*pat, October IT, W, SI, and Noranbtr 1. (HawM.) 

by Secchi and others. In one instance recorded by Mr. Dawes, the rota- 
tion of a spot amounted to 110° in six daya 

Here also (fig. 20), in a series of sketches representing a spot as 
.observed by Mr. Dawes, is abundant proof of the rapidity of these move- 
ments. TTie form here indicates clearly the cyclones of which we are 
about to speak : although in a manner less precise than in fig. 19. It 
should, however, be added, that these cyclonic spota are somewhat rare. 
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The spot figured at page 41, alao afforded remarkable evidencee of 
rapid cbaoge, vhich seems to put the cloudy nature of the Son's photo- 
sphere beyond all doubt* It was a spot of the normal character, by no 
means cyclonic, but with a tongue of what appeared to be a portion of 
facula, stretching half way into the spoL When the observation com- 
menced about half-put eleven on the date given, the tongue of facula was 
extremely brilliant; by one o'clock it had become apparently leas brilliant 
than any portion of tbe penumbra At the same time it seemed to be 
" giving out^" at its end, and a portion of the umbra between it and the 
penumbra appeared to be veiled with a stratus cloud evolved out of it. 
Alter a time, condensation seemed going od on the following portion of 
the cloudy mass. So that a very brilliant mass of what appeared to be 
facuin gradually melted away into umbra, and then the umbra condensed 
again ; three or four cloud-masses on the inner edge of the penumbra 
were observed to detach themselves from it 
at different points, and to traverse the 
t umbra towards the centre of the spot. 

It has long been taken for granted that 

there are upward and downward currents on 

the Sun. And this down-rush into a spot 

seems proved, for the first time, so far as we 

know, by the observations to which we are 

Fig. «.-oiirad-ni««i detichiDg alluding. The fact, also, that this down-rush 

UiuaMlvn from tbo pmiunbr*. ^^ accompanied by first a dimming and 

iBfl^Aprii M^i'soi". "j^" * melting of the cloud-masses carried 

down, was also thought to be established. + 

The cloud-masses in one region of the penumbra were also seen to 

change the direction of their longer axes in about three-quarters of an 

hour with regard to the centre of the spot, in fact they turned round 

bodily through a considerable angle. Others, projected on the umbra, 

gradually melted away out of sight One cloud-mass was distinctly 

observed to set sail, as it were, over the umbra, and it had travelled a 

considerable distance when the observations were terminated. 

It would seem from these observations, that there is a running down 
of the shape, as if the cloud-mass seen on the general surface of the Snn 
were gradually drawn out in its jonmeying towards the umbra. 

Mr. Spencer, basing bis reasoning on terrestrial analogies, thus 
accounts for the spots. The central region of a cyclone must be a r^on 
of rarefaction, and consequently a region of refrigeration. In an atmo- 

* jronlAIy NaOat, Sayal AMnnumical Soeittg, 1866, p. 23S. 

t [While the fint edition of this book ira* pueing thnrngh the press, Messrs. 
De La Rne, Stewut, and Loewy , were publiahing a paper in which a new theory tyt 
8an-«pots is diacossad, which is confirmed by the sboVe obaerTation. It seema at the 

a time in accordance with othvr facts. In this paper all diSerencea of lununoai^ 



on the surface of the Son are referred to the same canae, namely, the pretence to 
a greater or leas extent of a comparatively cold abaorbiiig atmosphere. — B. S.J 
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sphere of metallic gases rising from a molten surface, and reaching a 
limit at which condensation takes place, the molecular state, especially 
towards its upper part, must be such that a moderate diminution of 
density and fall of temperature will cause precipitation ; that is to say, 
l^e rarefied interior of a solar cyclone will be filled with cloud ; condensar 
tion, instead of taking place only at the level of the photosphere, wiU here 
extend to a great depth below U, It will be seen that Mr. Spencer, as opposed 
to Ejrchhoff, not only accounts for the formation of a cloud, but places 
it where the objections made to KirchhoflTs clouds do not hold good. 
He next shows that a cloud thus occupying the interior of a cyclone will 
have a rotatory motion ; and this accords with observation. Being 
funnel-shaped, as analogy warrants us in assuming, its central parts will 
be much deeper than its peripheral parts, and therefore more opaque. 
This, too, corresponds with observation. Nor are we, on this hypothesis, 
without some interpretation of the penumbne. If we may suppose the 
so-called " willow-leaves " to be the tops of the currents ascending from 
the Sun's body, what changes of appearance are they likely to undergo 
in the neighbourhood of a cyclone t For some distance round a cyclone 
there will be a drawing-in of the superficial gases towards the vortex. 
All the luminous spaces of more transparent clouds, forming the adjacent 
photosphere, will be changed in shape by these centripetal currents ; 
they will be greatly elongated ; and those peculiar aspects which the 
penumbra presents will so be produced. 

We must now, however, pass from this part of our subject — ^interest- 
ing as it is, — and we can do so full of hope, for never before was it 
engaging the attention of so many mind&] 

In examining with care the contour of the solar disk when the Moon 
interposes between it and the Earth, as in the case of a total eclipse, there 
have been observed in the luminous aureola which envelopes the lunar 
disk several very curious prominences — ^some in form of mountains, others 
of boomerangs, others resembling columns, the upper part of which 
appeared out of the perpendicular ; others, again, entirely detached from 
the disk, seem to float like immense clouds in the atmosphere of the Sun. 

The total eclipse of the 18th of July 1860, furnished most valuable 
information relating to these strange phenomena, and the magnificent 
photographs taken by Mr. Warren de la Bue on that occasion showed 
clearly the aspect of the reddish prominences we have just described. 
AstroilomerB hesitated long between opposite explanations, some only 
seeing in these appearances effects produced by the interposition of the 
Moon, others believing in the objective reality of these phenomena, and 
looking upon them as agglomerations of matter resting on the Sun, or 
suspended in the external atmosphere which surrounds it at a certain 
distanca In 1860, all doubts as to their belonging to the Sun were* 
removed, but astronomers were not much nearer to an explanation of them. 
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Some looked upon them as clouds, others as solar aurorse. The fiict that 
they had been seen all round the limb of the Moon, that they were found 
to exist in all regions near the poles in the same manner as at the equator, 
seemed to negative all idea of their being in any way connected with the 
spots or with the causes which give rise to them, although at first the 
opinion was entertained by some that they were insome manner correlated. 

[But, during and since the great eclipse of August 1868, much light 
has been thrown upon the subject of these strange objects. 

Until the epoch of this eclipse the light of the prominences had not 
been submitted to spectroscopic analysis ; and much was anticipated 
from the use of that powerful mode of research in 1868. Few, how- 
ever, could have anticipated how important a series of discoveries would 
be initiated by the observations made in this way. 

Major Tennant, Lieutenant Herschel, M. Janssen, and M Rayet, 
observing the eclipse at different stations, all succeeded in determining 
the nature of the spectrum belonging to the prominences. This spectrum 
consists of bright lines, indicating that the prominences are formed of 
glowing gas. Major Tennant counted five lines, which his measurements 
led him to associate with the bright lines belonging to hydrogen and 
sodium. Lieutenant Herschel saw three lines, — red, orange, and blue. 
Janssen saw five or six lines, two of which (red and blue) he associated 
with the bright lines of hydrogen. M. Rayet saw nine lines, five of 
which appeared much more conspicuous than the others. 

But the most important result of the eclipse-observations remains to 
be noticed 

M. Janssen, even whUe his observations were in progress, felt con- 
vinced that he should be able to see the bright lines when the Sun is 
not eclipsed ; and on the following day he succeeded in doing this. He 
could thus determine where there were prominences, and even the shape 
of such prominences, as satisfactorily as though the Sun were eclipsed 
" I have enjoyed to-day," he said, ^ a continuous edipse." 

Before the news of his success reached Europe, the same method 
had been applied by Mr. Lockyer. After the discovery by Mr. Hu^ins 
that the temporary (or rather variable) star which shone out in the con- 
stellation Corona in May 18G8, had a spectrum in which bright lines 
were conspicuous, the idea occurred to spectroscopists that, if bright lines 
could be disoenied in the spectrum of a star, they might be visible also 
in the adar spectrum. More particularly it was thought that^ if the 
promuiences consist of glowing gas, the bright lines corresponding to the 
gaseous constituents of the prominences mi^t be visible, even though the 
prominences themselves cannot be seen. The light of the prominences is 
&r feebler than that of the illuminated terrestrial atmosphere near the 
aolar limb ; so that any plan for merely reducing the light of that atmo- 
sphere obliterates the prominences altogether. But the spectroscope acts 
differently. It ^vreads the light of the atmosphere into a ninbow-tinted 
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streak, while it resolves the light of the prominences into a few coloured 
lines. When we increase its dispersive power, the rainbow-tinted streak 
is lengthened and made proportionately fainter, whereas, the coloured 
lines are thrown further apart without being diminished in brightness. 
It is only necessary to increase the dispersion up to a certain point in 
order that the coloured lines belonging to the prominences may be visible 
on the background formed by the rainbow-tinted streak 

The new method has confirmed the discovery which Leverrier and 
Secchi had made in I860,* that the solar photosphere is covered by a 
layer of gaseous matter, of which the prominences are but the most 
elevated portions. This layer the title is commonly called the sierra, 
but sometimes the chromosphere (or by purists, the chromotosphei-e). 
It has been found by Prof. Young of America, that at times the spectrum 
of the sierra shows many more bright lines than that of the prominences, 
or, at least, of their more elevated portions. 

The new method has also enabled observers to decide the question of 
the position of the bright lines ; for as these are brought into juxta- 
position with the dark lines of the solar spectrum, it is easy to see whether 
they coincide or not. In this way the lines which had been assumed to 
indicate the presence of glowing hydrogen in the prominences, have been 
found nearly to correspond to the hydrogen lines in the solar spectrum. 
But the bright line supposed to indicate the presence of sodium has been 
found not to accord with the sodium line in the solar spectrum. 

Even these results, however, were surpassed in interest and importance 
by one which yet remains to be described. By the new method, the 
place and shape of the prominences could be determined, indeed, but the 
prominences could not be actually seen. It was much as though one 
were to determine the position and shape of a distant mountain by looking 
in different directions through a long slit in an opaque screen, which 
permitted only a long strip of the mountain to be visible at each instant. 
It occurred to Mr. Huggins that if the slit of the spectroscope were 
opened, so that instead of the bright-coloured lines bright-coloured images 
of the prominences were formed, these might be visible notwithstanding 
the resulting increase in the brightness of the rainbow-tinted back- 
ground. He found that with the dispersive power at his command this 
did not happen, but by using a deep-coloured ruby glass, which absorbed 
nearly all the light but that coming from the part of the spectrum near the 
red hydrogen line, he was able to see the red image of a prominence. 

Afterwards, ZoUner, Lockyer, and others, using the greater dispersive 
power, succeeded in seeing the prominences without using any absorbing 
medium. The Italian astronomer, Bespighi, speaks as follows respecting 
the prominences : — 

In the drcumpolar solar regions, great prominences are not formed, 

* Before this Qnnt and Swann had suspected the existence of snch a layer. 
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but only small and short-lived jets. In the spot-zone the great promi- 
nences are seen, the equatorial, like the polar zones, being regions of 
relatively small activity. Where facul» are present, prominences are 
usually seen, but they are not identical with faculs. Over spots the jets 
are seen, but they are not high. There is a great difference in the dura- 
tion of prominences. Some develope and disappear in a few minutes ; 
others remain visible for several days. They originate, generally, in 
rectilinear jets, either vertical or oblique, very bright and well defined. 
These rise to a great height,— -often to a height of at least 80,000 miles, 
and, in one instance observed by Kespighi, to twice that height, — ^ihen, 
bending back, fall again upon the Sun like the jets of our fountains. 
Then they spread into figures resembling gigantic trees, more or less rich 
in branches. In genend, the highest parts are the regions of the most 
remarkable transformations. 

Respighi and ZoUner agree in thinking that the well-defined bases of 
these jets prove them to be due to eruptions taking place, not through 
gas, but through a compact substance forming a sort of crust (ZoUner's 
Trennungschkhi). Respighi considers that the expelling force may be 
due to electric action, but Zollner is disposed to Tegaid it as due rather to 
the compression of the imprisoned gas ; and he applies this theory to form 
an estimate of the temperature and pressure of tike Sun's surface-layers. 

The substance of prominences is often agitated by cyclonic motions 
of a surprising nature, the velocity of these solar wind-storms amounting 
sometimes to as much as 1 20 mUes per second. 

The researches of Plucker, WuUner, Frankland, and others, into the 
nature of the hydrogen spectrum under various conditions of pressure and 
temperature, serve to show that the pressure near the base of solar atmo- 
sphere is not nearly so great as the pressure of our own atmosphere near 
the sea-level. This would seem to dispose of the theory that the corona 
seen during total eclipses is an atmosphere of the Sun ; for in that case 
the pressure at the Sun's surface could scarcely fail to be enormously 
greater than it is observed to be. Some therefore held, until lately, that 
the corona is not a solar appendage at all, but due to the passage '' of the 
Sun's rays through our own atmosphere near the Moon's place," some 
action on the rays as they pass near the Moon causing them to be de- 
flected into the region of the terrestrial atmosphere which is illuminated 
(according to this hypothesis) during total solar eclipses. But it has 
been now demonstrated that the corona is a solar i^pendage, though 
its true nature as such remains still to be determined. — ^R A. P.] 

[The solar corona {$ee Book XL, part 1 1) comes next to be considered. 
Various theories have been propounded respecting this phenomenon. In 
former times (and by ill-infonned persons in recent times) it was regarded 
as a terrestrial phenomenon, due to the passage of the solar rays through, 
our atmosphere. Others ascribed it to the effects of a lunar atmosphere. 
Becent observations show, however, that it is a trae solar appendage. 
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The evidence obtained during recent eclipses is thus summftrised by 
Mr. Proctor, in the latest edition of the Encydapadia Briiannica : — 

*^ During the solar eclipse of August 1869, the American astronomers 
Yonng and Harkness discovered that the spectrum of the corona is dis- 
continuous (or that, at least, a portion of its light gives a discontinuous 
spectrum). Certainly one and probably three bright lines appeared in 
the spectrum as they saw it, though the faintness of two of the three Unes 
raised some doubt on the question, Whether they belonged to the corona 1 
During the eclipse of December 1870, Young renewed his observations 
suoeessfoUy, and other observers succeeded in seeing the bright-line spec- 
trum of the corona. Young thus sums up the results of his own and 
other observations : — ^ There is,'' he said, '' surrounding the Sun, beyond 
any farther reasonable doubt, a mass of self-luminous gaseous matter, 
whose spectrum is characterised by the green line, 1 474, Kirchhoff. The 
precise extent of this it is hardly possible to consider as determined, but 
it must be many times the thickness of the red hydrogen portion of the 
chromatosphere, perhaps on an average 8 or 10', with occasional horns 
of twice that height It is not at all unlikely that it may even turn out 
to have no upper limit, but to extend from the sun indefinitely into space." 

** It was daring this eclipse that, for the first time, photography gave 
convincing evidence respecting the corona. Mr. Brothers, at Sicily, and 
Mr. Willard (an American photographer), in Spain, obtained views which, 
though differing in extent, accorded so well in those parts which were 
common to both, as to leave no doubt that the corona is a solar and not a 
terrestrial phenomenon. A singular V-shaped gap, common to both 
the photographs, and seen also by several telescopists, attracted particular 
attention, and was regarded by the late Sir John Herschel as in itself 
demonstrative of the fact that the corona is a solar appendage. 

''It was not, however, until the solar eclipse of December 1871, 
that the evidence on this point became so convincing as to satisfy even 
those who had most strenuously maintained the theory that the corona is 
merely a phenomenon of our own atmosphere. The spectroscopic and 
the photographic evidence were alike important Janssen, with the 
spectroscope, succeeded in recognising, besides the bright lines already 
seen, others less bright, but manifestly belonging to the corona. He also 
perceived a faint continuous spectnim, crossed by dark lines, and there- 
fore presamably due to reflected solar light, which, since our upper air 
near the sun's place, in total eclipse, is demonstrably not illuminated by 
sunlight, can have come only from matter in the true corona, such as 
meteoric flights, vapour douds, or the like, capable of reflecting the light 
of the Sun. The photograpBers met with equally dedsive sucoesa Lord 
Lindsay's photographer, Mr. Davis, obtained a series of five pictures of 
the corona at successive stages of tiie totality, two of which were excel- 
lent and the remainder good. All these agreed perfectly in all respects, 
save only in the extent of the visible corona (depending, of course, on the 

B 
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conditions of illumination). It waa demonstrated, therefore, that the 
features of the corona do not change during the progress of the eclipse at 
any given station ; hence the corona cannot be a phenomenon depending 
on the passage of light-rays athwart inequalities of the moon's limb- 
For whether we rega^ such rays as Uluminating our own atmosphere 
or matter between the Earth and the Moon, the illumination would 
necessarily vary markedly, as the motions of the Moon shifted the ine- 
qualities of her limb progressively athwart the light-ray& Again, Colonel 
Tennant obtained a series of six photographs (five of which were very 
good), agreeing perfectly (always excepting differences of extent) with 
those obtained by Lord Lindsay's photographer. Now Colonel Tennant's 
station was at Dodabetta, near the highest peak of the Neilgherries, 
more than 10,000 feet above the sea-level; while Mr. Davis was 
stationed at Baicull, close to the sea-shore, and hundreds of miles from 
Tennant's station. The agreement of two series, taken under such 
diverse circumstances, proves to demonstration that the photographers 
were not dealing with the illumination of matter in the upper regions 
of our atmosphere, no matter under what circumstances illuminated. 
Later, indeed, it was found that photographs, taken at Java, gave 
precisely the same features ; so that, as Colonel Tennant remarks in the 
latest communication on the subject {Monthly Notices of the Astronomical 
Society for June, 1873), no one now supposes the corona to be other 
than a solar phenomenon." — R. A. P.] 

One word now on the intensity of Sun-light This intensity is not 
the same in all parts of the disk. The edges are less luminous than 
the centre, and Arago valued at one-fortieth the difference of their 
intensity, which is much more considerable according to other astrono- 
mers, Faye among the number. 

[This fact, fully established for the luminous rays given out by the 
Sun, applies also to the chemical ones ; but with this difference, that 
whereas the light, broadly speaking, diminishes regularly and very 
gradually, from centre to border, the chemical brightness is much more 
''patchy," so to speak. Professor Boscoe, by receiving the image of 
the Sun on a properly prepared photographic plate, has observed re- 
markable differences of this kind ; and, with Mr. De La Rue, is inclined 
to attribute to them some connexion with the phenomena of the red 
prominences to which we have before drawn attention. 

The gradual diminution of both the Sun's luminous and chemical 
brightness towards the limb indicates without doubt the existence of an 
atmosphere enveloping the body to a great distance.* And it is in 
this envelope, as we have said, that the red clouds observed in total 
eclipses float 

According to Sir W. Herschel, the general brightness of the disk 

* [Not neceflsarily to a great distance. Indeed it is easily seen that the greater 
the observed diminution, the shallower the atmospheric envelope most be, and the 
greater its absorbing power. — B. A. P.] 
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being represented by 1000, that of the penumbra is not more than 469, 
and that of the darkest portion of the nucleus as low as 7. 

Considered in each of these points of view, the solar light as it 
arrives on the surface of the Eurth, is, according to Arago, at least 
15,000 times more intense than the flame of a wax-candle. ^* According 
to the energy of the battery employed," he adds {Aatronomie Papulaire^ 
iL p. 172), *' it is found that the electric light varies in intensity from a 
fiftieth part to a quarter of that of the Sun.'' So much for the com- 
parative intensity of Sun-light 

Compared with the brightness of the full Moon, the light of the Sun, 
according to WoUaston, is 800,000 times brighter than that of the lunar 
disk ; in other words, 800,000 full Moons would be required in the 
heavens to produce a day as brilliant as that illuminated by a cloudless 
Son. [But the more exact experiments of Zollner show that the Sun's 
light exceeds the moon's about 620,000 times. — ^R. A. P.] 

As to the origin of this light, some, as we have seen, attribute it to 
the incandescence of a gaseous mass, others to that of a solid or liquid 
nacleus. Other savants again, among whom we must class Sir J. Herschel , 
regard the solar light as having an electro-magnetic origin, rather than 
arising from the combustion of solid, liquid, or gaseous matter ; it is, 
according to them, a perpetual aurora. 

From the intensity of the light, let us pass to the intensity of solar 
heat. Without any doubt, this heat must be enormous on the surface 
of the Sun ; and, if we base our estimation on the law of decrease of 
radiant heat, the conclusion is arrived at that its intensity is about 
300,000 times greater than that of the heat received on a given point 
on the surface of the Earth. The quantity of heat, incessantly radiated 
into space by the immense focus of our system, has also been calculated. 
The following comparison made by Sir J. Herschel will give an idea of 
its calorific activity. Let us imagine a cylindrical pillar of ice, 45 miles 
in diameter, to be continually daxted into the Sun, and that the water 
produced by its fusion is continually carried off. In order that the heat 
given off constantly by radiation should be wholly expended on its 
liquefaction, it would be necessary to plunge the cylinder of ice into 
the Sun with the velocity of light, or, in other words, the heat of the 
Son can, without diminishing its intensity, melt in a second of time a 
pillar of ice 1590 square mUes at its base, and 194,626 miles in height. 

As with the luminous and chemical rays, so with the heat-rays there 
is a difference in the calorific intensity of the centre and limb, the radia- 
tion being greatest from the centre. The polar regions, also, are colder 
than the equatorial ones ; and Secchi has shown that less heat is radi- 
ated from the spots than by other portions. 

It has been held that there exists a close correlation between the 
periods of maximum and minimum of the solar spots and the Earth's 
temperature. There is no doubt an intimate relation existing between 
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them and the Earth's magnetism. This has been proved by delicate 
researches extending over a long period of years, carried on by such 
physicists as Major General Sabine, the President of the Royal Society 
of London, Schwabe of Dessau, and Wolf of Zurich. 

[Thus we come upon another bond of union between the different 
members of our system besides gravitation, and there is good reason for 
believing that our luminary was once caught in the act of creating a 
magnetic disturbance on our Earth. On the 1st of September 1859, 
two astronomers, Messrs. Carrington and Hodgson, were independently 
observing a large spot, when they noticed a very bright star of light 
suddenly break out over it^ moving with great velocity over the Sun's 
surface. At the same moment the magnetograph at Kew, where all the 
changes in the Earth's magnetism unceasingly register themselves, was 
violently affected.] 

A question of great interest, of which a solution has lately been 
attempted, is that of the permanence or the decrease of the solar heat 
ill the course of ages. 

Professor William Thomson has enunciated the idea that the solar 
temperature is constantly sustained by a fall of meteorites, the motion 
of which is transferred into heat at the moment of impact. Whether 
this theory be true [and we believe Professor Thomson has abandoned 
it*], or whether the solar globe loses its heat year by year, it is perfectly 
certain that there will be still sufficient heat left to support life on the 
earth and the other planets for millions of years to come — a perspective 
view which in truth is very consoling. 

The question of the habitability of the Sun has also been agitated ; on 
the hypothesis which makes of this body an incandescent globe, the 
answer can only be in the negativa We have no idea of an organised 
being capable of living in a temperature so enormous. Questions of 
this kind will never be resolved categorically ; their solution, whatever 
it may be, will remain eternally to humanity in the domain of the pro- 
bable. But what we must acknowledge, what ought to strike our minds, 
now so much evidence has been placed before us, is the varied and con- 
tinual influence of the Sun on the conditions of existence on the surface 
of our globe. 

He acts on the Earth by his mass, whether he maintains it in its orbit 
at distances the variation of which is regulated by inflexible laws, or 
combines his action with that of the Moon, to produce the semi-diurnal 

* The strongest evidence in its fsTour has, however, been discovered since Sir 
W. Thomson expressed doubts respecting its validity. We refer to the discovery 
that the meteor-systems encountered by the Earth travel for tiie most part in orbits 
of remarkable eccentricity, instead of nearly circular orbits, as has been surmised. 
It is certain, however, that only a small portion of the Sun*s heat-supply can be 
accounted for in this way. A roost considerable portion may be accounted for, as 
Helmholtz has suggested, by the distribution of heat corresponding to the gradual 
oontrsction of tlie Sun's volume. — It. A. P.] 
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oscillatory movement of the waters of the ocean, — the tides. The heat of 
the solar rays is the principal cause of the perturbations of equilibrium 
of the atmospheric strata. It is that which gives rise to the wind, to 
the aerial and marine currents, to the evaporation of the water of the 
rivers, of the lakes, of the sea, and which produces a continual circula- 
tion of fluids on the surface of the planet. This action is thus found 
to be the cause of the secular modifications of the geological strata, by 
the slow but increasing denudation of the rocks, and by the transport 
of material due to currents. It is the heat and the light of the Sun 
which everywhere distribute life to. the beings of the vegetable and 
animal world. ''At one time,'* says Humboldt in his Cosmos, "its 
action manifests itself tranquilly and in silence, by chemical a£Bnities, 
and determines the divers phenomena of life, in vegetables by the 
endosmosis of the cellular wall, in animals in the tissue of the muscular 
and nervous fibres ; at another it fills the atmosphere with thunder, 
waterspouts, and hurricanes. The light-waves do not act only on the 
world of matter ; they do not confine themselves to decomposing and 
recomposing substances ; they do not merely draw from the bosom of 
the Earth the delicate germs of plants, and develope the green matter 
or chlorophyl in the leaves; they do not simply tinge the odorous 
flowers, or repeat thousands and thousands of times the image of the 
Sun, in the midst of the graceful break of the waves, and on the light 
steins of the prairie, bent with the breath of the winds. The light of 
heaven, according to its varying degrees of duration and brilliancy, is 
also in mysterious relation with the inner man, with the development 
more or less decided of his faculties, with the gay or melancholic dis- 
position of his mind. This is what Pliny the Elder referred to in 
these words : '' Coeli tristitiam discutit sol, et humani nubila animi 
serenai.''* 

* ** The San chases sadness from the sky, and dissipates the cloads which darken 
the human heart." 
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THE PLANETS. 

Wb have seen that ronnd the Son — ^that immense focus of light and 
heat — ^revolve at different distances, and in widely raiying periods, a 
multitude of secondary hodies, and among them our Earth. Sometimes 
solitary, sometimes arranged in groups which reproduce in miniature the 
Solar System itself, these bodies form so many distinct worlds of which 
the dimensions, distances, movements, form, structure, and physical con- 
stitution, deserve a separate examination and study. 

This study will now occupy us. The numerous phenomena of which 
these worlds are the theatre— phenomena observed by our astronomers 
as each planet has glided past us — ^not only make us acquainted with 
the mechanism of the system as a whole, but permit us also to examine 
somewhat closely into the details of the physical organisation of each 
of these bodies. 

If we look through the most powerful telescopes, we shall see the form 
of the planets and their characteristic features ; and the markings visible 
on their disks wiU tell us if they rotate, and what is the duration of their 
day and night. The forms and dimensions of the orbits, and the periods 
of revolution, will give us precise information respecting the succession of 
seasons and climates, and the lengths of their years. Even the climatic 
variations will be partly revealed to us by the degree of inclination of the 
axis of rotation to the plane in which the body moves round the Sun. 

The presence of satellites wiU not offer less interest, whether we 
consider the partial illumination of the planet's night, caused by the 
reflection from the illuminated faces of these — ^in their turn — secondary 
planets, or the eclipses, necessary consequences, occurring more or less 
frequently, of the interposition of an opaque body between the illumi- 
nated disk of the planet and the source of light 

We shall encounter the Earth in our wanderings through the 
planetary spaces. The study of the astronomical phenomena which 
relate to it will afford assistance by no means to be despised in enabling 
us to comprehend the analogies and differences which these phenomena 
present in the various planetaiy worlds. 

Starting, then, our journey from the Sun, we shall visit in succes- 
sion all the bodies which revolve round him, following the most natural 
order, that of their distances. 
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I. 

MERCURY. 

Apparent MoTement and PhaMs — Diatanoea from the Sun and Earth— Foim and 
Dimenaiona : ita Tranait acroaa the Sun'a Diak— Length of Day and Night, Seaaona 
and dimatea — Equatorial Belta, Atmoaphere and Moantaina of Merooiy^-Maaa, 
Benaity, and Force of Gravity on ita Surface. 

When the sky is clear, and the atmosphere at the horizon is not too 
much cha]*ged with vapour, there may be perceived sometimes in the 
evening, after the setting of the Sun, a star, whose brilliant twinkling 
light renders it conspicuous in the ruddy and faint glinuner of twilight. 
Its apparent elevation above the horizon, at first smidl, increases little by 
little each evening, but it never recedes from the Sun more than 28^.* 

This star is the planet Mercury. 

If we continue to observe it on favourable evenings, it will be seen 
finally to approach the Sun, and, lost in the dazzling brightness of his 
rays, set with him. 

Some days after, in the morning before sunrise, the same star, again 
emerging from the Sun's rays, will rise earlier and earlier, mounting day 
by day to a higher elevation above the horizon ; the masdmum of this to 
the east will be precisely equal to that it formerly attained to the west 
At last it begins to retrograde, approaching the Sun, until the moment 
when it again disappears in his rays. Mercury accomplishes then, in this 
manner, a complete revolution round the Sun : to us it appears like an 
oscillation, and one which it repeats continually ; its duration varies 
between 106 and 130 days. 

The ancients, who did not know the true system of the world, 
deceived by the double appearance of Mercury, sometimes after the 
setting and sometimes before the rising of the Sun, believed at first 
that two distinct bodies were in question ; they named one Apollo, god 
of day and light, and the other Mercury, god of thieves. The Indians 
and the Eg3rptians also gave it two different names. But observers 
remarked, at last, that one only of the two bodies was visible at the 
same time, and that the appearance of the one coincided very nearly 
with the disappearance of the other. To conclude their identity from 
this fact was not a difi&cult matter. 

I( instead of confining ourselves to naked-eye observations, — which, 
by the way, are by no means easy — we employ a telescope of pretty 

* Nor doea it alwaya attain thia distance from the Sun before commencing ita 
return towards that Inminaiy ; ita greateat elongation aometimea not exceeding 18*. 
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high magnifying power, it will be found that the form of the pl&net 
TuieB according to the time of observation. T\us remark also holds 
good with its apparent size. 

Let us speak first of its form. Mercury, in the course of one of its 
oscillations, presents phases analogous to those of our moon. It is at 



first ft luminous disk, nearly ciicular, which by degrees is reduced on 
the side towards the east, until not more than a half-circle is visible at 
the period of its greatest apparent distance from the Sun ; the crescent 
form henceforward cliaracterises it more and more, until it is only visible 
as a fine luminous thread. We give some of these phases. The progres- 
sive increaw of its apparent dimensions is also shown in exact proportion. 
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The s«n» appearances are oK*erv«l, but in inrerse order, when 
Men-un- is ohserveil during the periiid in which he is a morning star. ■ 

It is eAsr to account for these Ucts which observations have placed 
before us, Tbe phases prov* that Mercury has the form of a spherical 
iHobe, which is n"t SflMuminous. Its moTeraent roond the Sun places 
it. reUtir«]y to the Earth, iu a aeries of nrf different positions, and 
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shows US portions, sometimes smaller, sometimes larger, of its illumi- 
nated half. The same movement varies its distance from the Earth, — 
this explains the variations in the apparent dimensions of its disk. 

On the preceding page is a diagram of the positions of Mercury in 
different parts of its orhit, during the period of an entire oscillation 
compared to the successive positions occupied by the Earth. 






.Fig. 24.— Explanation of the Phases of Mercury. 

When Mercury is in the same direction as the Sun, we say that the 
planet is in conjunction. It is in superior conjunction when beyond the 
Sun ; and in inferior conjunction when on our side of it In the first case, 
it turns towards us its bright hemisphere ; in the second, its dark ona 

If the Earth itself were immovable, the interval of 106 to 130 days, 
which we have seen to be the period of an entire oscillation, would be 
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aJso the period of a revolution of Sfercury round the Sun. But it is 
easy to see from the preceding diagram, that, by the time the planet 
has returned to the tame couj unction again, the Earth has travelled 
onvarda in tU orbit, and Mercury h&8 therefore accomplished more than 
a complete revolntton. 

In reality, the time of a revolution of Mercury is lest than that of 
a complete oainUation ; it ia about 68 of our days.* 

If the orbit of Mercury were a perfect circle, its distance from the 
Sun would not vary. But it is known that the orbits described by the 
planets are ellipses — oval curves more or less elongated, of which the 
Sun does not occupy the centre, but one of the focL 

Amongst the eight principal planets. Mercury's orbit differs most 
from the circular form. Hence, its distances from the Sun are very 
variable. While at its greatest distance from the central body its dis- 
tance is 42,669,000 miles, it approaches at its least distance to within 
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28,1 15,000 miles, the difference being over 15 millions of miles. Mer- 
cury travels at a mean rate of 29*3 miles per second. 

As to its real dimensions, they have been easily determined from the 
two elements which precede -. we allude, on the one hand, to the measure 
of its apparent diameter ; on the other, to the distance of the planet from 
the Earth. We hence derive the first physical datum relating to Mer- 
cury, that it has the form of a globe, of 3000 miles in diameter : this 
is about two-fifths of the mean diameter of the Earth. Fig. 26 gives 
an exact idea of the relative sizes of the two planets. 

Hence it follows that the surface of Mercury is nearly six times and 
a half less than that of oar dwelling-place ; seventeen globes, of the 
same volume as Mercury, would be required to equal the volume of the 
Earth. 

Is Mercury of a perfectly spherical form 1 It is difficult to be assured 

* Hon «xactl]r, S7 dK^B 23 hpiin IG miaatM sod it seconds. This reTolation 
is cslled a tidertai revoltiiiiM in coDtradutinction to the "iTiiodic revolntioD," 
becaiue, reUtivelj to the Sun, the planet Agtin occupies the v.me portiOD d the 
heaveni. By the itfuxiK rtvolntion of a planet i> expressed Qie intem] of time 
taken to retnrn to the same position relatiTely to the Sun at *een from the Earth. 



MERCURY. 69 

of this in observing the planet in ita phases. The brightness of its 
light is such that precise meatureB are extremely difficult.* 

Astronomers have therefore preferred to take advantage of a pheno- 
menon which occurs pretty frequently, and sufSciently so to control the 
observations. - We allude to the passages, or transits, of Mercury across 
the Sun's disk (fig. 27). 

It must be borne in mind that once in each of its revolutions round 
tlie Sun, Mercury passes between the Earth and that radiant body. 

If the plane in which the planet moves were identical with that of 
the terrestrial orbit, that is to say, coincided with it, at each inferior 
conjunction Mercury would be projected on the Sun. But this is not 
the case ; owing to the incUnation of the plane of the orbit of Mercury 
to that of our Earth, sometimes the planet is thrown above the solar 

Eirtb. M«roniy. . 



Fig. K, -The ilu of Hercur; comtiu«t with Cb« EuUl 

disk, sometimes it passes below. It liappens, however, occasionally that 
it is of the same apparent height as the Sun. Mercury is then seen as 
a black round spot, traversing in the course of several hoursf the Sun's 
disk, which is then partially eclipsed.} 

The sharpness of the planet's circular form, the uniformity of the 

• In 1832, Satnrn and Mercnry occnpied the mwe region of the hesveni, in - 
sppearance, that is to My. According to Beer and Madler, vho obaerved them at 
that time, "Saturn compaTed to Mercury appeared pale and withont brilliancj, 
Mercaiy pr(«ent«d a nruble briKhtnen, and Temained perfectly viriblfl after the 
riains of the Sun, vhilat Satnm disappeared from the aigiit. Meraui? was illumi- 
nated a little more than halE" 

nrit is very Tariable. It may 1* ~ 

a the I2thof November ISdl. 

iiy there will be alx otben, the fi 
n the Gth of November IMS. The traiuits of Mercury alwaya m 
iTovember. 

i "The first of these obaervationa was made at Paris, by Ouaendi, on the 7th of 
Hovember 1(131, and, aa mentioned by him, in accordanee with the wish and sag- 
pstion of Kepler, for Kepler bad predicted this trannt, and had printed or written 
ca it tiw preceding year, which w** that of his death." — D'AletiUiert'i Encyekpadia, 
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morement of the bUck spot over the Sud, and, lastly, the time of the 
tnnsit, are circumstatices which BufiGcieDtly prevent the phenomena 
being confounded with those of solar spots. 

Astronomers have chosen the favourable occasions offered by these 
transits, to measure, by the aid of micrometrical instruments, the appa- 
rent diameter of Mercury, from which, by an easy calculation, they have 
been able to determine its real dimensions. They have, at the same 
time, observed that the black spot was always perfectly round, that is 
to say, that the globe shows no trace of flattening* 

We now know the movement of Mercury round the Sun, the time 



of its revolution, its distances from the Sun and from the Earth, and, 
lastly, its dimensions in diameter, in surface, and in volume. It only 
remains now to speak of what is known of its physical constitution. 
The facts that science has succeeded in gathering on this curious and 
important point of the monography of the planets ought to present a 
lively interest to us all, by reason of the likeness or contrast which each 
of these worlds possesses to our own. The manner in which light and 
heat are distributed on the surfaces of the planetary bodies, the succes- 
sion of their days, nights, and seasons, the existence or the want of an 
atmosphere like ours ; lastly, the markings that the telescope has per- 

* A iitig]e observntion of this kind woulil not oliraji be cooclunve, dnca Her' 
cnr; might be in sucli a position u to present to ui one of its poles of rotation. 
Besides, the flattening might be so slight ss not t« be meuurable at this distance. 
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mitted us to observe on their surfaces, are so many valuable particulars 
which enable us to make the most probable conjectures on the organisa- 
tion of the living beings which doubtless people them. Supported by 
such positive data, imagination can then launch boldly in the field of 
conjecture. 

The intensity of the light which Mercury receives from the Sun, at 
its mean distance, is nearly seven times * as great as that with which 
our globe is illuminated under the same conditions of distance. 

It is not then surprising that the ancients gave Mercury the epithet 
of ** Twinkler " {crTkfim), Thi% is not all. The laws governing the propa- 
gation of radiant heat are the same as those of light Mercury then 
receives seven times more heat than the Earth, or, more properly, a heat 
the intensity of which is in the mean seven times as great 

To judge by the impression which the light-rays make on our eyes, 
seeing that we cannot bear their dazzling brightness without pain, and, 
again, by that which they make on our body when it is subjected to their 
influence, the inhabitants of Mercury should be extremely uncomfortable. 
But are they formed like us 1 and have their senses the same degree of 
impressionability ? We know not. Variations of temperature are also 
disagreeable to us. In this respect^ again, we must own that the in- 
habitants of Mercury have more to suffer than we. Owing to the planet's 
elongated orbit, we have seen that sometimes it recedes from, and some- 
times approaches, the Sun, and that the difference between the extreme 
distancesamounts to fifteen millions of mile& So that whilst at aphelion,t 
the intensity of the luminous and heat-rays is no more than four times 
and a half that of rays received by the Earth ; at perihelion, on the 
contrary, it rises to more than ten times the same quantity. 

Lastly, and this adds still more to the contrasts of temperature, the 
variations occur in a period of time less than a quarter of one of our 
terrestrial years. Presently, we shall see that the seasons present still 
greater anomalies. 

We must not forget, however, that one circumstance may modify all 
this to an extent sufficient to render the conditions of vegetable and animal 
life in Mercury, either similar to our own or more different still. This 
circumstance is the existence or absence of a gaseous or vaporous envelope 
— ^in a word, of an atmosphere ) - Has Mercury, then, an atmosphere t 
According to many astronomers. Mercury presented the following aspect 
(fig. 28) in its transit (1799) across the solar disk. Instead of a black 
round spot, perfectly clear and well defined, there was seen all round the 
disk of the planet a circular band less luminous than the rest of the 

• Exactly, 6*67. 
f Apkdion — the greatest distance of a body from the Sun ; from drd/nmt, and 
^of ikt Sun, Perwelitm— least distance ; from repl near to, and ffXiot. If the 
oihit of a body were rigidly circular, there would be neither aphelion nor perihelion 
points. 
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Btuface of the Sim, forming a. salt of nebulouB ring. It vaa thence 
inferred that there ezieted a very high and denu atmosphere. Becent 
obeervers have not seen anything like it But, OD the other hand, they 
have remarked in the phuea of the pUnet, that the line of separation of 
the light and shade, which astrono- 
mers call the lerminator, is nerer very 
dtscided, ao that the breadth of the 
luminous part seemed diminished. 
" Hence," say Beer and Miidler, " ve 
may conclude that Mercury has a 
pretty sensible atmosphere." 

If this be so, we can form an idea 
of the modifications which a somewhat 
dense atmosphere would induce in the 
intensity of the light and heat, by com- 
paring the days when on our Earth the 
sky is clear and without clouds — when 



Fig. S8.-A>i«ct at the disk of Ucnurr dor- the Sun darts its rays on the surface 

iTwI^v™^, iulioS.'.nd" toijht 1^1 ^''i thout obstacle, with the dark and dull 

on the diit (Schriiwr.)' days when the clouds completely hide 

him from us. The density of the at^ 

moBpheric envelope we see then can strikingly change the efiects of 

solar radiatioa Let us compare, for instance, the temperature of one of 

our valleys with that of the mountainous summits which surround it 

It is like passing from summer to the cold of winter, from the burning 

heat of July to the frost of November, and yet the Sun shines alike on 

the mountuns and on the valley. 

Finally, the chemical composition of the atmosphere of Mercury, the 
nature of the gases of which it is formed, and which are perhaps very 
different irom the nitrogen and oxygen of our air, are also features which 
may influence the climate of the planet ; concerning these matters we 
have no dat& Let us confine ourselves, then, to describe the astronomical 
phenomena, of which the influence is incontestable 

In the lirBt place, let us consider the lengtli of the day. Mercury 
turns on its axis in 24 hours and 5^ minutes, and his year comprises 87-| 
of these sidereal rotationa*' The number of his solar days in this period 
is therefore 86f , whence results as the length of one of them 24 hours 
and 64 seconds. This is nearly the length of one of our own solar days, 
so that the organised beings of the two planets have the same periods of 
light and darkness, of activity and repose. But the relative length of 
the days and nights in the course of the entire ye.ir is much more vari- 
able than on the Earth, owing to the great inclination of the axis of 
Mercury to the plain of its orbit. 



• [Great doubt rata, howaver, both o 
pUueri incliiuttioii. — R. A. P.] 



thii estimate and 00 tlie eatini«t« of the 
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Fig. 29 shows, according to the old observers, at what angle Mercury 
presents itself to the Sun at the commencement of each of its seasons. 

Very extensive zones around the two poles enjoy at one season, 
daring their summer, continuous day ; at another, during their winter, 
they are plunged in profound darkness. It is only during a short 
period and near the planet's equinoxes, that these zones see light and 
darkness succeed in the interval of the same day. 

The glacial and torrid zones are not distinct on Mercury, and temper- 
ate climates do not exist, or rather their zones change their character 
twice during each revolution. The equatorial regions alone have the 
advantage of possessing all the year, day and night, light and darkness, 

We have already said, in speaking of the Sun, that astronomical 
science has succeeded in ascertaining the masses, or the relative weights 
of the celestial bodies of the solar system. The mass of Mercury is equal 
to about -x^ths of the mass of our globe. In comparing these numbers 
with those which measure the volumes of the two planets, it is found 
that the matter of which Mercury is formed is denser than that of 
which the Earth is composed. Its density exceeds the Earth's in the 
proportion of 112 to 100. 

Lastly, there is another physical fact which we must take into account 
if we would form an idea of the beings which people the planets of the 
solar system. We refer to the force of gravity on the surface. The 
influence of this force is all-important ; according as its intensity is greater 
or less, the muscular movements, for example, are more or less difficult, 
requiring an expenditure of force more or less considerabl& According to 
the most recent determinations, the force of gravity on Mercury is little 
more than two-fifths of what it is on the Earth. To sum up. By the aid 
of all the astronomical, physical, and meteorological data which we have 
reviewed in this study of Mercury, and compared with the corresponding 
elements of the terrestrial globe, it has been possible for us to point out 
both the resemblances and differences of these two worlds, revolving in 
regions of the heavens, which are, after all, near each other, when we 
consider tlm extent of the whole planetarv system . 

and of experiencing heat during the day, cold and calm during the night. 
It is true, however, that if the Sun towards the equinoxes rises so far 
as the zenith, it descends nearly to the horizon in the extreme seasons. 
We have said above, that the orbit of Mercury is veiy elongated, or, 
in astronomical language, that its excentricity * is considerable. It 
results that the seasons in Mercury are of very unequal duration, and, 

♦ We have ulroady remarked that it is not in the centre of the oval curve tra- 
versed by each planet that the Sun ia rituated, but in a point by so much more 
distant from this centre as the curve is more elongated. The name of exemtricUy is 

Siven to the distance between these two points, compared to the half of the greatest 
iameter of the orbit Let us add that the place where the Sun is, is called the 
foem of the curve, and that the focus is always one of those points in the oreater 
diameter to which we have alluded. 
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seeing that, according as we cotuider the northern or the southern hemi- 
sphere, the spring a&d the summer of the one are the autumn and the 
winter of the other, a like inequality should exist between the extreme 
temperatures of the two hemispheres. 

The great proximity of Mercury to the solar rays renders the obser- 
vation of the planet somewhat difficult ; very little, therefore, is known of 
ite surface. One diligent observer, Schr6ter,at the end of the last century, 
was able, however, to observe some dark bands on its disk (fig: 30), 
which he considered as an equatorial zone; 
it was from the direction of these bands 
that he deduced the inclination of the axis 
If this be so, we' caA torm in laea 
of the modifications which a somewhat 
dense atmosphere would induce in the 
intensity of the light and heat, by com- 
paring the days when on our Earth the 
sky is clear and without clouds — when 
Pij. ts.-iui>«t or the diik of M«rcurT iar- the Sun darts its rays on the surface 

days when the clouds completely hide 
him from us. The density of the at- 
mospheric envelope we see then can strikingly change the effects of 
solar radiation. Let us compare, for instance, the temperature of one of 
our valleys with that of the mountainous summits which surround it. 
It is like passing from summer to the cold of winter, from the burning 
' heat of July to the frost of November, and yet the Sun shines alike on 
the mount^ns and on the valley. 

Finally, the chemical composition of the atmoaphere of Mercury, the 
nature of the gases of which it is formed, and which are perhaps very 
different from the nitrogen and oxygen of our air, are also features which 
may influence the climate of the planet ; concerning these matters we 
have no dat& Let us confine ourselves, then, to describe the astronomical 



V^poTODB ftureoliL, uid brl^t point 
dlak. (SchruUr.) 
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the light of the Sun, and of valleys plunged in shade, which lie near the 
parts of the surface of the planet then illuminated. 

Mercury, therefore, has mountaina The measurement of the amount 
of truncation of the crescent, has also shown the height of one of them, 
and if Uiis measure is not exaggerated, it is not less than the risd part 
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of the diameter of the planet ; that is, more than eleven miles ! Now 
the highest mountain known on the earth, Gaurisankar of the Himalaya, 
is not more than 29,000 feet in vertical height : this giant of terrestrial 
mountains, therefore, does not rise above the sea-level more than the 
•^-jVir^ P^^ o^ ^^^ Earth's diameter. 

Schr5ter, when examining Mercury during its transit over the Sun on 
the 7th of May 1799, saw, or believed that he saw, on the black disk of 
the planet a luminous point. It has been concluded from this observa- 
tion, which has not^ however, been confirmed, that there exist on the 
surface of Mercury active volcanoe& This would be another analogy 
between the physical constitution of this planet and that of the EartL 

We have already said, in speaking of the Sun, that astronomical 
science has succeeded in ascertaining the masses, or the relative weights 
of the celestial bodies of the solar system. The mass of Mercury is equal 
to about i^ths of the mass of our globe. In comparing these numbers 
with those which measure the volumes of the two planets, it is found 
that the matter of which Mercury is formed is denser than that of 
which the Earth is composed. Its density exceeds the Earth's in the 
proportion of 112 to 100. 

Lastly, there is another physical fact which we must take into account 
if we would form an idea of the beings which people the planets of the 
solar system. We refer to the force of gravity on the surface. The 
influence of this force is all-important ; according as its intensity is greater 
or less, the muscular movements, for example, are more or less difficult, 
requiring an expenditure of force more or less considerabla According to 
the most recent determinations, the force of gravity on Mercury is little 
more than two-fifths of what it is on the Earth. To sum up. By the aid 
of all the astronomical, physical, and meteorological data which we have 
reviewed in this study of Mercury, and compared with the corresponding 
elements of the terrestrial globe, it has been possible for us to point out 
both the resemblances and differences of these two worlds, revolving in 
regions of the heavens, which are, after all, near each other, when we 
consider the extent of the whole planetary system. 
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IL 

VENUS. 

Distance from the Son — Apparent and Real MoTements ; Form of the Orbit — ^Diatanoe 
of Veiina from the Earth — Real Dimenaiona, Form and Surface Markings ; Rotation 
— Day and Night on Venoa ; Atmosphere, Seasons, and Climates — Physical Con- 
stitation. 

The two planets nearest to the Earth — Man and Venus — ^are precisely 
those which present the most striking analogies to it ; Mars especially, 
which we have more particularly studied. This fact is a very natural 
one, and it will appear to us still more so when we try to form an idea of 
the origin of the system, according to the views of Laplace. For the 
present let us study in detail the various phenomena which each planet 
in turn presents to us. 

Mercuiy is the first planet which we encountered on leaving the Sun. 
Venus comes after Mercury in the order of distance, whilst of all the 
principal planets Mercury is that which describes an orbit of the most 
elongated form, and that by very much. Venus, on the contrary, moves 
in an orbit the form of which approaches nearest to a perfect circle. 
There is not between its greatest and least distances from the Sun — 
between its aphelion and its perihelion, to use the language of astronomers 
— ^a difference equal to the xir^^ P^ ^^ ^^^ maximum distance. 

The mean distance of Venus from the Sun is 66,134,000 miles ; its 
maximum distance is 66,586,000 miles : and when nearest to the Sun, 
it is still removed from him 65,682,000 miles. 

What is the result of this quasi equality in the movement of Venus ? 
It is, that the quantity of light and heat which it receives from the Sun 
varies little in the different points of its orbit ; or, what comes to the 
same thing, in the different seasons of its year. Yet this quantity is 
still nearly double in intensity that which our globe receives, — a fact 
we must take into account when we treat on the physical constitution 
of the planets. 

Venus, like Mercury, is sometimes an evening, sometimes a morning 
star. It appears to us to oscillate in the same manner round the Sun. 
But the amplitude and the duration of its periodical oscillations are much 
greater. Thus, in that part of its apparent orbit in which it recedes 
each evening from the setting Sun, it advances at its maximum eastern 
elongation to a distance of 48^ while that of Mercury is 29^. When in 
the morning before sunrising, it gradually leaves that body, its maximum 
western elongation attains the same value. 
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Who does not know the Shepherd's Star 1 Who has not contemplated 
its soft and brilliant light, rarely twinkling, and intense enough at times 
to cast shadows ? Where a light cloud veils that i)ortion of the sky 
occupied by the planet^ a pretty strong glimmer will still indicate its 
position in the centre of the luminous ring formed by the illuminated 
molecules of the interposing doud. The brilliancy of this planet is, 
indeed, sometimes so intense that in a very clear sky it is visible 
by day. 

The evening Star received from the ancients the name of Vesper, 
whilst they gave to the morning star the name of Lucifer. The same 
error which led them to double Mercury — if we may be allowed the 
expression, — ^made them see in Venus also two distinct bodies. But they 
at length recognised the identity of the two stars, and Venus eventually 
replaced Vesper and Lucifer. 

Venus takes 584 days to accomplish an entire oscillation. At the 
end of this time, it is again found in an identical position with regard 
to the Sun and the Earth, and recommences this apparent movement 
round the central body. 

This similarity in the apparent movements of the two planets nearest 
to the Sun would lead us to infer that their real movements are similar. 
This is the case. Venus describes round the Sun a curve entirely 
enclosed by the orbit of the Earth. 

Accordingly, when, instead of observing it with the naked eye, we use 
a telescope of considerable magnifying power, we perceive that it presents 
phases* like Mercury, and that, like this latter planet, its apparent 
dimensions vary as in its movement it recedes from or approaches our 
Earth. We need not here repeat the explanations that we gave in 
the case of Mercury, inasmuch as they would be quite identical for 
Venus. 

We must not confound the period of a complete oscOlation of Venus 
with the period of its real revolution. As the earth moves at the same 
time and in the same direction, the planet requires in reality much more 
time to return to the same position relatively to the Sun and the Earth 
than to accomplish an entire revolution, or, as it may be expressed, to 
return to the same part of its orbit So, while the synodic revolution of 
Venus is accomplished in about 584 da3rs, its sidereal revolution requires 
only 225 days (224^ 16^ 49™ 7»), or less than f ths of one of our years. 
In this interval, the distance which it travels is upwards of 410 millions 
of miles, so that its mean velocity is 78,000 miles an hour, or nearly 21 
miles a second. We have seen dbready that Mercury travels at the rate 
of 27 miles a second ; the generalisation of these facts will show us that 
the velocity of the planets decreases as we advance from the common 
centie of their movements. 

Viewed from the mean distance of Venus, the disk of the Sun seems 

* Galileo recognised them first. 
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nearly double (in surface) its apparent size as seen from the Earth. See 
fig. 2, p. 24.) 

A word now on the diflferent distances which separate the two planets 
when in various positions in their orbits. 

When Venus is between the Sun and the Earth, it is obviously 
nearest to us ; and when it is beyond the Sun, it is farthest from us. 

In the first case, to know the distance between the two planets, we 
must find the difference of their distances from the Sun ; in the second, 

we must add them together. 
But let us say, once for all, in 
respect of Venus as in respect 
of the other bodies of the sys- 
tem, that as the orbits are not 
circles, but ellipses or ovals, 
there is for each of the two 
cases a maximum and a mini- 
mum. We will dwell upon 
these details when their im- 
portance renders it necessary. 
The greatest distance of 
Venusfrom the Earth amounts 
to about 160,000,000 miles, 
— ^its least distance to about 
23,500,000miles. Thediverg- 
ence of these numbers would 
leave us to believe at first, 
that the observations of Venus 
ought to be much more favour- 
able in the case of short dis- 
tances. This, however, is not 
the case. In this part of its 
orbit, in fact, Venus presents 
to us more and more of its dark hemisphere, and, besides, its light is 
extinguished by the brigh tness of the solar rays. This last circumstance is 
repeated at the period of its maximum distance, so that it is in the inter- 
mediate phases that it is most distinctly visible and its light most brilliant. 
From figure 33 we can understand both the change in the apparent 
size, and in the degree of illumination of its disk at its extreme and mean 
distances from the Earth. The diameter varies nearly in the proportion 
of the numbers 10, 18, and 65. 

When both the distance of an object and its apparent size are known, 
nothing is easier, as already remarked, than to determine its real 
dimensions. It has been calculated that the diameter of the globe 
of Venus measures 7510 miles which is about 400 miles less than that of 
the Earth. The dimensions in volume and surface also differ very little 




Fig. 32.— Superior and inferior conjunction of Venus. 
Greatest and least distance fh>m tlie Earth. 
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from those of the terreatrial spheroid. But up to the present time no 
perceptible pular compreuion has been observed. ' 

liiis last result is not at all astonishing, for if such a flattening really 
existed, if it did not exceed that of the terrestrial poles, even the moat 
delicate measures would not be able to detect it. Although Venus is one 



of the nearest planets to the Earth, aatronomera have experienced great 
difficulty in measuring its apparent diameter in a precise manner. This is 



Fig. **.— Canpinttt« DlingniioDi ot Vsniu ud tlie Eirtb. 

owing to the astonishing brilliancy of the light of Venus, and to the 
irradiation* which is produced in its image in our instruments — a cause of 

" The efffct ot imdiBtion may be ab«rv«d in flg. 3S. If two circles, one of 
irtiicb ia black, tbe otb»r white on • bUck gronnd, ire examined, it will be seen that 
the last KFmi perceptibly larger ; aoil nevenhfleaa their diameters are ritforoaaly 
the nme. This effect is by so mncb the more perceptible u the light of tiie object 
ia more inteDse. 
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error vhich it is very difBcalt to estimate. How can we then be aston- 
ished if we are not sure of its diameter within the y^th part t 

If the flattening of the globe of the planet is' unknown, this is not 
the case with the period of its rotation, aJthough its determination has 
also necessitated vtij delicate obserratious. 

Venus turns on itself in 2 3 hours 2 1 minutes 2 3 seconds. That is a 
period less than that of the rotation of the Earth by 35 minutes only. As 
in the case of Mercury, it is by the careful watching of the irregularitiee 
which the illuminated part of the planet presents at the limit of light and 
shade, and their successive and periodical reappearances, that various 
astronomers * have been able to measure this period. 

Bianchini, an Italian astronomer of the last century, endeavoured 
to deduce the rotation of Venus from the observations of the spots 



Fig. 96.— Eflbut of ImdlUioo. 

which he observed on its disk. Although the number he found is 
completely at variance with the recognised and adopted period, his 
observations, nevertheless, have their value, as they give an idea of the 
features which distinguish the surface of the planet-t 

Venus, in its various phases, is far from showing perfectly regular 
forms. The horns of the crescent, especially the southern one, have 
nearly always been observed blunted — truncated, so to speak. Schroter 
also saw a bright point completely separated from the luminous crescent. 
Fig. 33 shows some of these forms observed by this able astronomer. 

Utese inequalities, besides serving by their periodical return to enable 

* D, and J. CiiHiiii, Schroter, De Tico, Beer, and Madler. 

t Tlie; vien, however, Dennanent spoU, if it be trn^ a« stated bj AnfO (Ailm- 
nomU Papulaire, ii 623), tliat Bianchini'a «)ioU were again »een by De Vico, from 
1840 to 1842, with all their old forniB. We gire these »potH from Schrater'a drawing 
in Aphroditographitdie Fragmen<r. [Doubta Btil! rest on theanl^ecl: of the peman- 
ence of these markinn ; and, accordingly, the rotation period and axial indinstiMl 
of Venoi are Btill held as doubtful bv man; a<tronomerB.—R, A. P.] 
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US to measure the rotation of the planet, are evidences of the irr^olaritiea 
of its surface. Thus the solid ground of Venus ia uneren, UJce that of 
M ercniy and of the Earth ; it is covered with high mountains. But is it 
oerttun Uiat these asperities attain such a considerable height as is Btat«d I 
Do mountains exist on Venus to the vertical elevation of 2 7 miles ; that is 
to say five times higher than the most elevated peak in Thibet, t«n times 
the colossal Mont Blanc t This is a delicate question which subsequent 



iiotVcnnn. (ScUitet.) 
. (BiuFhlnl.) 

measurement may perfa^s settle. But if the first results were confirmed, 
ve conld scarcely help tiiinking of the strange aspect the mountainous 
regions of Venus would offer ; the sublime peaks of our Alpine regions 
would be but mere mole-hills in comparison. If we refer to the drawings 
of SchrSter (fig. 36), which represent Venus in three of its phases, we 
shall notice that the luminous part of the disk is far from terminating 
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error which it is very difficnlt to estimate. Row can we bhea be aston- 
iehed if we are not sure of its diameter within the t^tt^^ pf^ ^ 

If the flattening of the ^obe of the planet iBunknown, this is not 
the case with the period of ite rotation, although its determination has 
also necessitated very delicate obserrations. 

Venus turns on itself in 23 hours 21 minutes 23 seconds. That is a 
period less than that of the rotation of the Earth by 3fi minutes only. As 
in the case of Mercury, it is by the careful watching of the inegularities 
which the illuminated part of the planet presents at the limit of light and 
shade, and their successive and periodical reappearances, that various 
astronomers * have been able to measure this period. 

Biancliini, an Italian astronomer of the last century, endeavoured 
to deduce the rotation of Venus from the observations of the ^ota 
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which he observed on its disk. Althoagh the number he found is 
completely at variance with the recognised and adopted period, his 
observations, nevertheless, have their value, as they give an idea of the 
features which distinguish the surface of the planekt 

Venus, in its various phases, is far from showing perfectly regular 
forms. The horns of the crescent, especially the southern one, have 
nearly always been observed blunted — truncated, so to speak. Schroter 
also saw a bright point completely separated &om the luminous crescent. 
Fig. 33 shows some of these forms observed by this able astratuMner. 
Hiese ineqnaliUes, besidea serving by their periodical letnm to enable 

* D. utd J. CtMmi, Schniter, De Tico, Bmt, uid Hadlo'. 

+ Tliey were, however, tiennuieiit «pota, if it be tnie, u stated by Ansa (jIiIto- 
wfmit FopMlam, ii 6!S), tint Biuidiiiii'i bboU were agun aeeii by De Vieo, from 
ISIO to 1843. vilh «11 thfir old fonn*. We pre then ipota from Sduotar'adTawinsa 
'n A/ArvdiiognpkittM* Fntfrnnif. ( Doobla Mill rert on the anbject of the pmnui- 
Dce of these nurkinn ; wid, act-onlingly, the n>tatioD period and askl iacUiiation 
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us to meatnire the rotation of the planet, are evidences of the irregolsrities 
of its surface. Thus the solid ground of Venus is uneven, hke that of 
Meicoiy and of the Earth ; it is coTered with high mountains. But is it 
certain that these asperities attain such a considerable height as is stated t 
Do mountains exist on Venus to the vertical elevation of 27 miles ; that is 
to say five times higher than the most elevated peak in Thibet, ten times 
the colossal Uont Blanc 1 This is a delicate question which subsequent 
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. (BUnchioi.) 

measurement may perhaps settle. But if the first results were confirmed, 
we could scarcely help thinking of the strange aspect the mountainous 
regions of Venus would oSer ; the sublime peaks of our Alpine regions 
would be but mere mole-hills in comparison. If we refer to tie drawings 
of Scbroter (fig. 36), which represent Venus in three of its phases, we 
shall notice that the luminous part of the disk is far from terminating 
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we inhabit And, if we were to accept the observations of several astro- 
nomers of the 17th and 18th centuries,* it would present an additional 
resemblance ; as the Moon accompanies the Earth, so also would YenuSy 
according to them, be provided with a satellite. But this singular body 
has not been since seen, and high scientifict authorities are now con- 
vinced that the observers in question were the victims of an optical 
illusion. It must be confessed that the doubt which still exists on this 
point is, at least, very curious, and testifies the progress which still re- 
mains to be accomplished in the domain of planetary astronomy. 

[Before we quit Mercury and Venus, we must fairly state that the 
decision and positiveness with which the physical data are given by the 
old astronomers are by no means borne out by modem observation, 
although we might imagine, to say the least, that if the observations of 
Schroter and others, faithfully recorded by M.Guillemin,were correct, the 
vastly superior telescopes of the present day would have verified them. 
This, however, they have failed to do. The different features, although 
stated to have been seen by De Vico during the present century, have not 
once been observed either by Admiral Smyth or the Rev. W. R Dawes ; 
indeed, the only physical fact which modem observation has placed before 
us, and this we owe to Professor Phillips and the Rev. T. W. Webb, is 
the possible existence of snow-zones on Venus as on Mars. This, however, 
is not certain. We must, therefore, caution our readers against receiv- 
ing absolutely the inferences drawn from the old observations.] 



III. 

THE ZODIACAL LIGHT. 

Aspect of the Zodiacal Ldgbt in the various Regions of the Earth — ^Probable existence 
of a lai^ge Lnminous Ring situated between the Earth and the Sun. 

In the evenings, about the time of the vernal equinox — in March and 
April, when in our climate the twilight is of short duration, if we examine 
the horizon towards the west, a little after sunset^ we may perceive a faint 
light that rises in the form of a cone among the starry constellations. 

This is what astronomers call the Zodiacal lAghi. Those "FifamiliAr 
with it, or little accustomed to the ordinary aspect of the sky, might 
confuse this glimmering either with the Milky Way, or with the ordinary 
twilight, or even with an aurora. But, with a little attention, it is im- 
possible to mistake it. 

* De Caasini, Short, Montaigne, Roedkier, Horrebow, Montbaron, Lambert. 

t De Laknde (Bncydopidie Methodiqtu). 
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The triangular form of this luminous oone» its elevation, and its 
inclined position to the horizon, make it a thing apart and one eminently 
deserving particular mention. 

As the days lengthen, and with them the duration of twilight, the 
Zodiacal Light disappears, it becomes invisible, at least in our climate. 
But it may again be seen in the morning, in the east^ about the time of 
the autunmal equinox, in September and in October, when the dawn 
has an equally diort duration — again, however, to disappear during the 
period of long nights and long twilights.* 

It is needless to add that the sky must be clear, and the night 
moonless, for observations of the Zodiacal Light to be possible. 

The brightness of this light is comparable with that of the Milky 
Way, or with the tails of comets, its transparency is such, that all but 
the smallest stars are visible through it Nevertheless, according to 
Mairan, who occupied himself with this phenomenon in the days most 
favourable for observation, its light is more intense than that of the 
iMfilky Way, and more uniform, generally less white, and inclining 
somewhat towards yellow or red in the parts nearest the horizon. It 
was only towards the apex that he could discern the small stars in the 
region on which the light was projected. 

This yellowish-red colour was observed also, in 1843, by Arago 
and other astronomers of the Observatory of Paris, who compared it to 
the tail of the comet of that same year. Moreover, the same red tint 
was, in 1707, noticed by Derham. 

Now, if from temperate regions of the two hemispheres we travel 
towards the tropical zones, the Zodiacal light increases in intensity and 
height, and it can be observed throughout the year. The illustrious 
Humboldt thus relates in his Cosmos the impressions made on him in 
his travels by the sight of this curious phenomenon: ''The much 
greater luminous intensity which the Zodiacal Light presented in Spain, 
on the coast of Valentia and in the plains of New Castile, had already 
determined me, before I quitted Europe, to observe it assiduously. The 
brightness of this light — ^I should say of this illumination — still increased 
in a surprising manner, as I graduiJly approached the equator on the 
American continent^ or on the South Seas. Through the dry and 
transparent atmosphere of Cumana, on the grassy plains or Llanos of 

* In lam towns, the thousands of gas-lamps or other lifflitB render the observa- 
tion of the Zodiscal Light very difficalt, not to say impossiDie at all times. On the 
other hand, in stations conveniently situated, it can be seen at various epochs of the 
yesr, even in the temperate zones. 

Hr. Heis (of Mnnster) cites some observations made by him in the month of 
December, in Germany, and Mr. Jones had observed it at the same time in Japsn. 

H. Chaoomac observed* the Zodiacal Light in January and Febmarv in Paris, 
and in December in Lyons, in 18^4. A f^X little known, established by him, is, 
that the light is intense enough to efface stars of the twelfth and thirteenth maffni- 
tnde. "It is beyond doubt," he writes, ''that this phenomenon covers wiu a 
yellowish red veil the region of the sky on which it is projected." 
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Ciiraciia, on the table-lands of Quito, and on the Mexican lakes, par- 
ticulariy at a height of eight or twelve thousand feet, where I could 
stay a longer time, I saw the Zodiacal Light sometimes surpass in 
brilliancy the most striking parts of the Milky Way, comprised between 
the prow of the Ship and kiogittarius, ur, to cite the regions of the sky 
visible in our hemisphere, between the Eagle and the Swan."* 

Let us see now il' it is possible to account for the nature of the Zodiacal 
Light, which evidently is uot a purely meteorological phenomenon, since 
its participation in the 
diurnal movement, its 
visibility in regions of 
the Earth very distant 
one from the other, and, 
lastly, its nearly invari- 
ableinclinntionalongthe 
ecliptic, indicate suffi- 
ciently that the cause 
which produces such ap- 
pearances lies outside our 
atmosphere, in the celes- 
tial spnces. 

Among the explana- 
tions that have been 
given, the most probable 
one is that which likens 
the Zodiacal Light to a 
flattened nebulous ring 
surrounding the Sun at 
some distance. It is to 
be remarked, that the 
direction of the axis of 
the cone, or of the pyra- 
mid, prolonged below 
the horizon, always passes through the Sun (fig. 38). 

It was believed at tirat tlmt this direction precisely coincided with 
the solar equator ; but it seems more certain that it coincides with the 
plane of the Earth's orbit, or the ecliptic.t 

The length of the longer axis of the ring is variable, or, as it may 
be expressed, the distance from the summit of the cone to the middle 
of its base, — to the horizon, — is more or less considerable, according to 

* Cotnux, vol. i[. p. GSi. 
t Th* recent obserTBtionn of Mr. Una at Mnnster, »nd of Mr. Jodm at Japan, 
made nmalbniMiaily, Hhow, however, the axU of the luminoas c«ne u fonning an 
aoftle with tiie latter plane. 
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the time of obeeryation. Very simple geometric conaideratioDS point 
to the conclusion that the luminous ring sometimes extends as far as 
the orbit of the Earth, and even suipasses it, sometimes it is enclosed 
within this same orbit This may be explained in two ways : either 
by admitting that the form of the ring is elliptical or oval, or, if it be 
circular, that the Sun does not lie exactly in the centre. 

Now, what is the nature of this luminous mass 1 Must it be con- 
sidered as a zone of vapours thrown off by the Sun when in the process 
of consolidation, when our central star passed from a nebulous state to 
that of a condensed fluid sphere? This was the opinion of Laplace. 

Another hypothesis, also connected with the first, is, that the Zodiacal 
Light is formed of myriads of solid particles, analogous to the aerolites, 
possessing a general movement, but travelling separately around the focus 
of our solar world. The light of the ring would be thus produced by 
the accumulation of this multitude of brilliant points, reflecting towards 
as the light borrowed by each of them from the Sun. 

This explanation accounts for the variation of the intensity of the 
Zodiacal Light at different epochs' ; it would suffice to admit that the 
condensation of the particles or the density of the ring is not the same 
throughout its extent, and that its movement of circulation round the 
Sun presents successively different parts to the Earth. In this case, it 
becomes a question whether this lenticular ring of matter is distinct from 
the systems of meteors, of which we shall soon speak, and the existence 
of which seems at length established. 

Lastly, some astronomers regard the Zodiacal Light as a vaporous 
ring, which belongs to the Earth, surrounding it at some distanca But 
this is an opinion which appears somewhat wild (it can be upset by the 
most simple geometrical considerations), and is utterly at variance with 
observation.* 

We omit to mention various other theories now completely aban- 
doned. But it must be owned, in concluding what we have to say on 
this interesting phenomenon, that while the observations remain so vague 
and so few in number, we are not yet permitted to pronounce, in a 
definite way, on its nature. 

Cassini and Mairan have observed in the luminous cone momentary 
sparklings, which they explain by the rapid movements of its particles, 
alternatively presenting faces of unequal size ; nearly in the same way 
as one sees the grains of dust sparkling in the rays of the Sun when 
they penetrate into the interior of a dark room. 

lliis is an explanation which must be presented with the more reserve, 

* Wliatever may be the trae nature of the Zodiacal Light, observation proves 
that the substance of which it is composed lies in a region which sometimes 
extends beyond the £arth's orbit, sometimes lies within it. Our readers will, 
therefore, understand why the description of it is found in this part of the Solar 
System. 
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as the observations of Mairan and Cassini have not been, as far as we 
know, confirmed. 

The intermittent brightness described by Humboldt — the sadden 
undulations which he observed to traverse the luminous pyramid, also 
await explanation. Arago did not think this fact could be explain^ 
merely by variations in the strata of our atmosphere. 



IV. 
THE EARTH. 

The Earth suspended in Space — Proof of ita Spheroidal Form — Its Diiuensions, Mass, 
and Mean Density — ^Atmoepheric Refraction ; its eifects on the appearance ot the 
Disks of the Son and Moon. 

The Earth conadered as a celestial body — ^as a planet — ^will now be the 
object of our study. It is the globe we meet with next in our journey 
from the focus of the Solar System. 

The Earth does not voyage alone, as do Venus and Mercuiyi; but, 
drawing the Moon after it, in its annual course, it is continually escorted 
by this faitliful satellite. It is the first planet that rejoices in such a 
privilege. 

If the Earth be a body travelling through space, as do the multi- 
tudes of those which people the heavens, it may be asked, under what 
aspect it appears to the nearest celestial bodies. Tliis will evidently 
depend on the distance of the observer. 

The fonn of the Earth is that of a nearly spherical globe, of which 
one-half receives the light of the Sun, whilst the other half is plunged in 
gloom. To a spectator who moves from it gradually, it would appear 
under the fonn of a disk, gradually becoming more and more diminutive, 
but more and more luminous at the same time ; presenting phases like 
Mercun-^ and Venus, according to the relative position of the Earth with 
regartl to the spectator and tlie Sun. 

At the distance of the Moon, the Eaith wiU he seen under the form 
of a luminous disk« spriukleil with spots, the bright ones marking the 
continents and islands, and the snow and ice of the poles ; the darker 
ones indicating the |Uace of the sea& But besides these permanent spots, 
variable and movable one$ would be distinguished, produced by the cloudy 
strata of the atmosphere^ 
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Its ftpparent diameter would be nearly four times that of the Moon, 
30 that, seen at the full, the Earth would shine Uke thirteen united foil 
moons. At about four time« the distance of our Batellit«, the terrestnal 
globe voald etill seem as large as the latter. But as the spectator 
moved away by degrees, the diameter of the disk would diminish, and 
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would end by becoming inaensible. The Earth would then shine in 
the heavens hke a planet. 

These statements of Science regarding the form of our globe, and itB 
real dimensions, — statements now familiar to every one, — are not based 
on simple analogies. Exact facte, which it is easy to verify, place tha 
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continents and islands. It is not a little curious that one hemisphere 
of the terrestrial globe comprises the land, whilst the other hemisphere 
is nearly entirely occupied by water. If we adjust a globe in such a 
Way that London would occupy the centre of the visible hemisphere, 
and place it at some distance from the eye, we shall see on the hemi- 
sphere turned towards us the whole of Europe, Asia, Afirica, North 
America, and part of South America. If we place ourselves on the 
opposite side, with our antipodes in the centre, we shall see a hemisphere, 
with the exception of New Holland and the lower point of Southern 
America, nearly entirely covered by the ocean, only here and there 
scattered with islands. 

The figures in Plate Y. give an idea of the distribution of the solid 
and liquid portions of the terrestrial surface. 

If, from the measures of the surface of the globe, we pass to those of 
its volume and weight, we arrive at numbers of which it is extremely 
difficult to form a definite idea, so much are they beyond our ordinary 
notions. 

But we can conceive a cubic volume of which the length, breadth, 
and height^ are each one mile — this we call a cubic mile ; of such cubes 
our globe contains 259,800,000,000 I Experiments and calculations, into 
the details of which we cannot enter in this place, have taught us the 
mean density of the materials of which our Euth is composed ; we say 
mean density, because the density varies in different strata. [And, more- 
over, the solid crust may not extend to the centre.] This mean density 
then is such that the Earth weighs 5^ times more than an equal volume 
of water would do. 

Hence we have been able, as it were, to weigh the Earth, and we have 
found that it weighs 6,069,000,000,000,000,000,000 tons ! This is ex- 
clusive of the weight of the air. Does then the air weigh anything 1 Yes ; 
if we suppose it to extend only 37 miles [and we have positive proof that it 
extends much higher], it will weigh 5,178,000,000,000,000 tons; this 
however,is after all, less than the millionth part of the weight of the Earth. 

Such are the dimensions, such is the mass of the planet which serves 
us as a dwelling-place. What in comparison, and considered merely from 
a material point of view, are the works of man either individually or 
collectively Y 

Nevertheless, this sphere which appears to us so colossal, must^ after 
all, be classed only among the smaller planets of our system ; and is but a 
grain of sand compared with our central Sun, and a mere point lost in 
the immensity of the space comprised within the limits of our system. 
What idea then shall we have of the infinity of space, when, leaving our 
own system behind, as we shall shortly do, we shall see that even that 
entire system is but an atom of the Yisible Universe 1 

We have just spoken of the total weight of the atmosphere : this is a 
point of mere curiosity. But the pressure which this fluid mass exercises 
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on every inch of surface, on oiganised beings which are enveloped and 
move in it, on liquids and vapours, is of extreme importance to organise 
life and to the physical conditions under which life i» possible. The den- 
sity of the atmosphere, the law of decrease of this density, both in the 
lower and upper strata, are so many facts which have an intimate rela- 
tionship wiUi the temperature of the surface at different altitudes, with 
climate, and consequently with the distribution of animal and vegetable 
life on the surface of our globe. 

• Moreover, there is a relationship no less decided between the consti- 
tution of the gaseous envelope in which we live, and the. way in which 
the solar rays traverse it. 

Every one knows that a luminous ray proceeds in a straight line when 
it traverses a homogeneous medium, that is to say, one of unvarying 
density. The object which this luminous ray brings to our view under 
these circumstances is exactly where it appears to be. 




Fis. 45.— Atmospheric refraction, ehowlng Its effect on the apparent places of bodies in 

the celestial vanlt. 



If, on the other hand, before it reaches us, the luminous ray has to 
traverse media of different densities, obliquely, each change of density 
makes it deviate from its direct route ; and when it reaches the eye, the 
total deviation causes the object not to appear in the47ue direction which 
it occupies. Its apparent position does not then indicate its real position. 
This phenomenon of deviation takes place in the atmosphere, and is 
called aimo8pheric refradiork The importance of a proper knowledge of 
refraction in astronomical observations will be understood when we state 
that all celestial bodies are thus more or less displaced : the error resulting 
from this displacement is not the same in every part of the celestial vault : 
it is much more considerable when the strata traversed are thicker, or 



'I 



90 THE SOLAR ST8TEM. 

ate presented obliquely to the laminouB rays ; in other words, when 
the object observed is near the horizon. 

The light proceeding from all celestial bodies in all their positions, 
therefore, is refracted unequally, and the effect of refraction is to make 
them appear higher than they really are ; to place them nearer the senith. 

Hence follows a rather curious fact, namely, that the entire disks of 
the Sun or Moon remain still visible when they are mathematically set ; 
that is to say, when they are really below the plane of the horizon. The 
duration of the day is then increased by refraction. The same phenome- 
non, of course, occurs both morning and evening. 

Refraction still prolongs the day, even when the Sun has actually 
disappeared : the upper strata of the atmosphere are still iUuminated, 
when the surface of the Earth is already in shade. They reflect earth- 
wards a portion of this light, and by this means it is that the night 
passes into day, and day into night, by imperceptible gradations. Such 
is the cause of the morning and evening twilight In fine, the duration 
of dawn and twilight varies according to the seasons and latitudes. 

^ot only is the apparent position of bodies altered by the refiraction 
of the atmosphere,* but for the same reason, the form of those with 
large disks, as the Sun and Moon, is modified. Refraction, the intensity 
of which, as we have seen, increases as it approaches nearer the horixon, 
affects the lower limbs of these luminaries more strongly than it does the 
upper ones ; so that the body, already flattened in its upper half, is still 
more so in the lower one. The sea-view, represented in ^g. 46, represents 
this curious phenomenon, which can be seen inland as well as at dka, at 
both the rising and setting of the Sun and Moon. Sometimes this defor- 
mation of the solar and lunar disks is far frem presenting the regularity 
and symmetry which are seen in our drawing. The irregularities in the 
density of the lower strata of the air make the body appear under the 
most curious aspects. 

[Recent researehes into the action of the light-rays of the Sunbeam 
have made us acquainted with another class of facts of the utmost value 
to physical astronomers, as bearing upon the atmospheres of our sister 
Plimets. Indeed, the more we study the marvellous mechanism of our 
own atmosphere ; its manipulation, so to speak, of sunshine ; the rein- 
foreing, tempering, and economising power it possesses by reason of the 
aqueous vapours which it contains ; the more we see that, in spite of 
many ideas which it will be our duty to lay before our readers, it is not 
impossible that the actual heat experienced on the surfaces of all our 
Planets may be vastly different from that to which they would be appa- 

* Tables of correctioiu have been calculated for different heights, lliese tables 
enable os to find the true position of a celestial body, when the apparent position is 
known to observation. Nevertheless, astronomers avoid observing too nesr the hori- 
zon, and wait until the body, by virtue of its diurnal motion, has obtained its 
maximum height, at the moment of culmination, or of the upper transit of tiie 
meridian as it is called. 
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rently entitled taking only tiieir diatance from the Sun into account. It 
has been proved that the heat which the Earth receivea from the Sun 
is prevented from passing away again into space so rapidly as it other- 
wise would, by the aqueous vapour present in the atmosphere. Hence, 
though the proportion of heal received at Mercury, Venus, Jupiter, and 
Saturn, must correspond to their distance from the Sun, yet their atmo- 
spheres may be so constitated that the amount of heat actually retained 
may not greatly exceed or foil short of that which we enjoy. How far 
the excess or defidency of direct heat may thus be compensated has not 
yet been demonstrated.] 



Let us add, in concluding our notice of the atmosphere with which 
our planet is surrounded, that, by diffusing on all sides the light of the 
Sun, it interposes a bright curtain between the celestial bodies and the 
Earth, which during the day veils, as it were, the starry vault, as the 
stars are not sufficiently bright in comparison to remain visible. Without 
this difiiued light the sky, instead of presenting that azure tint which we 
all know so well, would assume the appearance of a black ground, on 
which the stai« would appear and shine in broad daylight, as they do 
when a solar eclipse cuts off the source of its diffused light 
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V. 

THE EARTH. 

MOV£MENT OF ROTATION. 

Apparent Diurnal Morement of the Stars and Sun— Real Rotation of the Earth — ^The 
diiference between Sidereal and Solar Days—The Rapidity of the Earth's Rotation 
varies with the Latitude. 

Mercurt, Venus, and the Sun, the three celestial bodies the movement 
of which we have studied, each turns round one of their diameters > this 
Lb a phenomenon which seems general ; and it has, in fact, been observed 
in all the bodies near enough and large enough to permit of their surface- 
markings being observed from the Earth. 

The rotatory movement of the Earth was established before that of 
any of the other celestial bodies, and no one at the present time ia 
ignorant of the manner in which it daily manifests itself to us. 

At an hour of the morning, which varies according to the seasons, 
the Sun is seen to appear on the eastern horizon. By degrees it rises, 
its disk becomes entirely visible, and mounts gradually in the sky. At 
noon it reaches the highest point of its course ; it then commences its 
downward course, describing, in the second half of the day, an arc sym- 
metrical to the first ; it then sets, and finally disappears in the evening 
in the west. The rotation of the Earth is thus shown during tlfb day. 

During the night the stars accomplish the same apparent movement. 
The entire heavens seem then to possess a movement of rotation, which 
always takes place from east to west round a line of constant direction 
to which astronomers give the name of Axis of the World. This is no 
other than the axis of the Earth. 

It was for some time imagined that the heavens themselves actually 
revolved in this direction : but, in fact, it is our Earth which rotates in 
a contrary one — that is to say, from west to east, with an uniform 
movement, the duration of which, for each rotation, is a little less than 
four-and-twenty hours. Since the time of Copernicus and Oalileo, the 
fact of the rotation of the Earth, demonstrated beyond all contradiction, 
has been universally admitted, as well as its annual translation round 
the Sun ; but it is none the less true now, that there is still in some 
minds a singular confusion arising from the fact that they cannot dis- 
tinguish clearly between these two movements. 

The rotation of the Earth, let us repeat, is a daily or diurnal move- 
ment, which is accomplished in about twenty-four hours, an<I which 
produces, besides an apparent revolution of the entire celestii^ vault, 
the phenomena of day and night 

Independently, of this diurnal rotation, the Earth has a movement 
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in space, describing round the Sun, like all the other planets, a nearly 

circular curve or orbit This movement of translation gives rise to the 

year and the seasons, but it does not cause the apparent diurnal revolu- 

tion of the stany sphere, nor the succession of days and nights ; it only 

modifies their relative length, as will be seen in the sequ^ 

Let us return to the Earth's movement of jwtstion. 

We hare before seen that this mofeaient is uniform, that is to say, 

/ its angnIaT velocity ia constant. -^-The proof of this uniformity is easy, 
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..arcs always meagre an equal number of degreA. If Ive note with pre- 
cision tiie intet^al of time which elapses Jjltweeirttwo consecutive 
passages (or iraliaUs, aa they are called) of the same sfe^ffer the meri- 
dian of a place from night to night^— between two sucf easive culmina- 
tiona* — ve sh^ll know the exact length of an entire rotation. 

It has thoB beenfound to hb about twenty- three hours fifly-eiz minutes. 

This interval of time has received the name of a sidereal day,\ whilst 

* AatioDDlnen call the vertical plane which pawKS through the north and soDtli 
pMats of Uie horizon of a pkce, indeSnitely pralonfFed into apace, tlie meridian of 
uut jdaMs. When ■ star paaaea the meiidiaa it ia at uie highest point of its apparent 
dinnial contse. Hancfi the name of eulnanatum is given to this paaaage (or traiuit)^ 

+ The lidereal day ia diridpd, lite the aolar day, into twenty-four houra. Sid«- 
nal and aolar houn are divided into sidereal and solu minatea respectively, and so 
m ; of this aon presently. 
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the tenxL solar day is reserved for the interval of time which elapses 
between two successive passages of the Sun over the meridian: this second 
interval is about four minutes longer than the first. 

Between the solar day and the sidereal day there is a fundamental 
difference, — ^that of length. There is another not less important ; whilst 
the length of the sidereal day is invariable, that of the solar day varies 
throughout the year f * 

We must linger somewhat on the fundamental fact thait the sidereal 
day is shorter than the solar one, as it is a fact which follows from the 
annual revolution of the Sun, and in tpith is one of the best proofs of 
its existence. This proof is rendered evident by fig. i7. 

We there see the Earth in two positions in its orbit, positions whicli 
we will suppose separated one from the other, by an interval of a sidereal 
day : that is to say, by an entire rotation. 

In the first of these positions — that on the left, the meridian S O 
passes on one side through the Sun ; it is noon for the parts of the Earth 
situated along this meridian in the illuminated hemisphere; on the 
opposite^^side it passes, let us say, through some particular star ; it is 
midnight on that part of the Earth, situated along this meridian in the 
dark hemisphere. 

Let us imagine an entire rotation accomplished, while our planet is 
travelling along its orbit What will happen f This, namely, that the 
meridian considered in its first position, after having rotated round the 
Earth's axis, is again parallel to that position, so that if the Earth had 
remained fixed in space, the Sun and stars would reappear at tliA same 
time in the meridian ; the sidereal day ;nrould have been of the same 
length as the solar day. 

But the Earth is not so fixed ; she has travelled onward to another 
point. The star, because it is situated at an infinite distance, is again 
found, after a complete rotation, in the meridian, which, on the illu- 
minated side, no longer passes through the Sun. It is dear from the 
figure, that the Earth must still describe a fraction of its movement of 
rotation, in order to bring the meridian we have lettered S again to 
the Sun. 

Thus, the difference in the length of the diurnal rotation of the 
Earth, and of the solar day, is explained by the annual revolution of 
our globe round the Sun, which is thus proved geometrically. 

* Henc6 it is that astronomers, with a view of obtaining a convenient and nni- 
form measure of time, have recourse to a mean solar day, the length of which is equal 
to the mean or average of all the apparent solar days in tlie year. An imaginary Sun, 
called the " Mean Sun," is conceived to move uniformly with the real SunV mean 
(or average) motion, and the interval between the departure of the mean Sun from a 
meridian, and its succeeding return to it, is the duration of the mean solar day. 
Clocks and chronometers are adjusted to mean solar time, so that a complete revolu- 
tion (through twenty-four hours) of the hour-hand shall be performed in exactly the 
same interval as the revolution of the Earth on its axis with respect to the mean Son. 

As the time deduced from observation of the true Sun is called ** true " or 
" apparent '* time, so the time deduced from the mean Sun, or indicated by the 
macnines which represent its motion, is denominated **mean time." 
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Since the Earth has the form of a sphere, and turns with an anifonb 
angular velocity round an ideal line of invariable direction, there ought 
to result from this movement different rates of movement for the various 
' points of its surface. 

At the two poles this velocity is nil : but from the poles to the 
Equator it increases constantly, as the radii of the circles described by the 
different points along a meridian,— or, in other words, the distance from 
the axis of iptation, — ^increase as these points are nearer the Equator. 

In twenty-four hours, the circle described by a part of the globe, 
situated in the latitude of Paris, is entirely traversed, as is that parallel 
to it^ in the latitude of Seikiawik in Iceland, or, finally, in the latitude 
of Quito on the Equator itself. These circles are of very different 
lengths. Hence very unequal real velocities. These velocities are, at 
Beikiawiki 221 yards; at Paris, 333 yards; and at Quito (on the Equator), 
507 yards a second : or 450, 682, and 1038 miles an hour respectively. 

How is it then, that, carried with such rapidity, we do not ourselves 
perceive our movement? It is because the entire bulk of the Earth, 
atmosphere, and clouds, participate in the movement.* 

This constant velocity, with which all bodies situated on ttte surface 
of the Earth are animated, would be the cause of the most terrible and 
general catastrophe that could be imagined, if, by any possibility, the 
rotation of the Earth were abruptly to cease. Such an event would be 
the precursor of a most sweeping destruction of all organised beings. 

But the constancy of the laws of nature permits us to contemplate 
such ai catastrophe without fear. It is demonstrated that the position 
of the poles of rotation on the surface of the Earth is invariable. It 
has also been asked whether the velocity of the Earth's rotation has 
changed, or, which comes to the same thing, if the length of the sidereal 
day and that of the solar day deduced from it have varied within the 
historical period 1 Laplace has replied to this question, and his de- 
monstration shows that it has not varied the one-hundredth of a 
second during the last two thousand years. 

* Who was that ingenious inventor who, seriously or otherwise, sug^^ested that 
we should utilise the £»rth*s rotation as the most rapid mode of locomotion at once 
the most simj^le and economical that could be conceived ? This was to be accom- 
plished by rising, in a balloon for instance, to a height inaccessible to aerial currents. 
Then the balloon remaining immovable in this calm region, would simply await the 
moment when the Earth, rotating underneath, would present the place of destina- 
tion to the eyes of the travellers, who would then descend. A well-regulated watch 
and an exact knowledge of longitudes, would thus render possible travelling from 
east to west, all voyages from north to south, or from south to north, naturally being 
interdicted. This suggestion has only one fault ; it supposes that the atmospheric 
strata do not participate in the movement of rotation of the solid part of the globe. 

The inventor did not remark that on the hypothesis of an immovable atmo- 
sphere, while we rotate at London with a velocity of 883 yards a second, there would 
result a wind in the contrary direction ten times more violent than the mos^terrible 
hnSricane. Is not the absence of such a 6tate of things a convincing exp«mental 
proof of the participation of the atmospheric envelope in the general movenrent ? 

H 
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THE EAKTH. 

REVOLtmON ROUND THE SUN. 

The Tear— DimeusioiiB-of the Earth's Orbit — ^The Seasons— Difference in the Length of 
Days and Nights, according to the Seasons and Latitudes— Zones and Climat^. 

The movement of the Earth on its axis manifests itself to us, as we have 
seen, by an apparent revolution of the whole heavens in the space of a day. 

By a similar illusion, the Sun seems to describe in a year, round our 
planet, an orbit which, in reality, is traversed by the Earth round the Sun. 

The exact time of this revolution, in mean solar days, is 365 days 
6 hours 9 minutes 10 seconds and 75 hundredths of a second. In this 
interval of time, the Earth sets out from one part of its orbit, travelling 
in a direction from right to left» or from west to east, and regains the 
point of departure ; accomplishing thus, without end, and always in the' 
same manner, its movement of translation. 

This orbit is not a circle, but an ellipse, of which the Sun occupies 
one focus. The mean radius of the orbit^ that is to say, th% mean 
distance of the Sun from the Earth, measures 95,298,000 miles. 

The velocity of the Earth's passage along this immense curve is 
variable, but its average rate is 33,290 yards a second, or 68,000 miles 
an hour. So that we not only rotate every instant, describing arcs 
round the terrestrial axis, the length of which, varying with the latitude, 
may reach as high as 500 yards a second ; but we are again carried 
through space with a velocity which exceeds 19 miles a second. 

If we contemplate the dimensions of the globe and the enormous 
mass of the Earth, the imagination will be confounded in the presence 
of the gigantic ball, which glides through space with such rapidity. 

A calculation of two contemporary philosophers, Helmholtz and 
Mayer, will perhaps give an idea of tjie prodigious movement which 
impels our globe. These physicists have endeavoured to ascertain what 
amount of heat would be developed by the abrupt stoppage of the Earth 
in its orbit They have found that this heat would suffice to melt the 
entire globe, and to reduce a great portion of it to a state of vapour. 

' If it be true that the Earth moves thus around the Sun relatively 
fixed, in proportion as she travels in one direction along a certain portion 
of her orbit, the Sun itself will seem to describe an equal arc in a contrary 
direction when we consider the arcs described separately ; but if we 
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compare, in fig. 48, the real curve described by the Earth with the 
apparent one described by the Sun, we shall see that the directions are the 
same. So that, as the proper movement of the Sun, which causes the 
delay of its passage actoss the meridian, or, what. is the same thing, the 
inequality of the solar and sidereal days, takes place from west to east^ 
the real movement of the Earth is also effected in the same direction. 
It is for want of comprehending this, that some authors with rather 
imaginative minds have cried out against the' fallacies of astronomers. 

The Sun, then, must move each instant across the starry vault of the 
heavens, and its centre will coincide from day to day with different stars. 
During the day this displacement is not perceptible when no exact 
measure of the position of the Sun is taken. But we need only recog- 
nise that, corresponding with the displacement of the Sun during the 
day, there must be an analogous movement of the heavens during the 
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night, to comprehend that the aspect of the constellations must vary 
throughout the whole year. It ib in consequence of the translation of 
the Earth, that the heavens defile progressively over the horizon of any 
given place, or if not the whole heavens, at least that portion of them 
which are brought by the diurnal movement above that horizon. 

The length of the year, that is to say, of the interval of time which 
elapses between two successive passages of the Earth through the same 
point of its orbit, is about 365^ mean solar day& How many entire 
rotations on its axis does our globe execute during that time t— 366|^ ; 
in other words, if the number of the solar days of the year is 365^, 
the number of the sidereal days is exactly greater by unity. 

This is a direct consequence of the yearly revolution of the Earth, 
combined with its diurnal movement of rotation. The same phenomenon, 
which at first seems paradoxical, is produced in iedl the other planets, what- 
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ever the namber of rotations accomplished during a complete revolation 
round the Sun, and whatever the durations of their sidereal and solar days. 

Let us recall the fiact that after an entire rotation the Sun, which at 
the point of departure passed the meridian at the same time as a given 
star, lags behind about four minutes. At the following rotation there is 
further delay, which is added to the preceding one : and so on, until the 
annual revolution being terminated, matters are found in the same state 
as at the beginning. Now, if in order to return to a coincidence of the 
Sun with the star which serves as a means of comparison, the Earth has 
effected 866 rotations on its axis, the star will have passed 366 times 
over the meridian, whilst the Sun, exactly behind one transit, will have 
returned to the meridian once less, that is to say, only 365 times» 

Let us now pass to other phenomena of great interest to the 
inhabitants of the Earth, — ^phenomena which have their source in the 
double movement of our planet. 

From one day to another the inhabitants of the same place — ^let us 
rather say, the inhabitants of the same latitude — see the Sun ascend 
above the horizon to variable heights. The points in the east and west, 
where the radiant body rises and sets, change their places ; the Sun at 
noon attains a greater or less altitude, and the length of its daily sojourn 
above the horizon gives to the days and nights their variable and 
unequal lengths: hence different* temperatures and diversified climatic 
conditions; hence the Seasons. On the other hand, these conditions 
themselves change, not only in both hemispheres of the Earth, but even 
in the same hemisphere, according to the latitude of the pllfe con- 
sidered. Hence dimate, frigid zones with long days and nights, 
temperate zones, torrid zones, and the regions nearest the equator, 
which have each year two summers and two winters, and where the 
length of the day is always equal to that of the night 

The astronomical reason of all these phenomena rests in the simul- 
taneous movements of the Earth. But there is a circumstance which 
influences their succession in a dominant manner, and on which we 
must now fix our attention. 

Let us ghmce at Pkte V., which represents the orbit of the Earth and 
the position of our planet in various points of it We shall see that the 
axis of rotation is neither perpendicidar to the plane in which the orbit 
lies, nor in this plane, but that it forms with it a certain angle (66*" 
32' 42*) nearly equal to two-thirds of a right angle. This inclination 
is constant during the whole year, or at least varies only between very 
small limits : besides this, the axis always remains parallel to itself It 
is the parallelism of the axis which accounts for the nearly invariable 
position of the celestial pole above the horizon in each locality, pro- 
vided we bear in mind the nearly infinite distance of the stars from 
the. Earth. 

Among all the positions which the Earth occupies in its orbit, there 
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• 
are four prmcipal ones, diametrically opposed, in pairs, which influence 
in a most important manner thejrelative lengths of day and nighty and 
the seasons : these are the two equinoxes and the two soIstice& 

Here are the .order and dates of their succession ; 

Towards the 2l8t of March the Earth is at the first of these points, 
called the Spring Equinox ; then comes the Summer Solstice, about the 
2l8t of June ; the Autumnal Equinox, near the 22d of September ; and, 
lastly, the Winter Solstice, which generally falls on the 21st of December. 
Each of these points marks the commencement of the ^ason after which 
it is named. The precise epochs of these four fundamental positions 
vary each year, but within a somewhat restricted limit, as may \^ seen 
from^the following table ? — 1 ' \''^ i-' PL 

Commencement of ifiE Foitr ShAMiA^ v^^ 



t > 



1865. . hdtr^^ 1864. ^ 

Spring . . . March 20, ^ 19"! a.m. . . March 20, ^ 16«n p.m. 

SuMMBB . . June 21, 5 25 a.m. . . June 21, 10 55 a.ni. 

ArxuMN . . Sept. 28, 7 1 p-m. . . Sept. 23, 1 8 a.m. 

Winter . . Dec 21, 1 18 p.m. . . Deo. 21, 6 59 p.m. 

When the Earth is at one or the other of the equinoxes, the plane of 
the Equator prolonged passes precisely through tl^ centre of the Sun. 
The two poles of the planet are then symmetrically placed with regard 
to the radiant body, and the circle of separation of the illuminated hemi- > 
sphere and the dark hemisphere lies' in a meridian. l\^ c >a(. : - ^ 

It results from this particular posTlion that each part of the Earth, 
whatever its latitude, describes half its daily journey imposed on it by the 
Earth's rof^^ation in shade, and half in sunshine^ Fig. 49 will explain this. 

Thus, at the time of the equinoxes, the length of the day is equal to 
that of the night all over the world. The Sun remains twelve hours 
above the horizon of each place, and twelve hours* below it. 

From the spring equinox to the summer solstice the Earth traverses 
the portion of its orbit which corresponds to the months of April, May, 
and June. Its axis remaining always parallel to itself, one of its poles, 
— ^the North Pole, — is turned more and more towards the Sun ; during 
the same period the South Pole, on the contrary, is turned more and 
more away from it. The day and night become more and more unequal 
in length, and this inequality attains its meridian towards the 21st of 
June (fig. 50). 

The circle of separation of sunshine and shade having travelled 
farther from the Pole, it follows that the lengths of the nights of the 
northern hemisphere has continuously decreased ; the day, on the con- 
trary, increasing, and in much greater proportion as the places are more " 
distant from the equator. 

The southern hemisphere has, during this period, experienced inverse 
phenomena : at the equator only has the day continued to be equal 
with the night 
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From the 21st of June to the 22d of September, the Earth passes 
from the summer solstice to the autumnal equinox. During the second 
period, the North Pole ia'turned towards the Sun, while the South Pole 
remains plunged in darkness ; the alternations of Agy and ni|^t present, 
in inverse order, during the sunmier the same phenomena as during 
' the spring. 

Thus, for six months, the regions near the North Pole hare con- 
tinually seen the Sun above the horison, those of the South Pole have 
always h«d it below. Hence, in their icy deserts, here a day of six 
months, there a night of six months, tempered, it is true, by a continual 
twilight. During each twenty-four hours, in consequence of the diurnal 
rotation, the Sun thus describes a curve, which grazes the horizon, though 



Flft W— ThsEuthituiEqtilaai. SqiMl Di; ud Kight aU OTO tbt World. 

not quite parallel to it, describing a double spiral, which rises constantly 
until the 20th of June, and afterwards descends to the be^oning <^ 



If the course of the Earth during one half of the year has been well 
understood, it will be easily seen how, during the other hal^ similar 
I phenomena will occur in symmetrically inverse order. At the autumnal 
equinox we shall ^ave equal d^s and nights throughout the Earth. The 
autumn and winter of the northern hemisphere will be the spring and 
summer of the southern one. The same differences in the relative lengtlu 
of night and day will also he presented r the only difference arising from 
the different length of the corresponding seasons in the two hemispheres. 

A word now on the inequality of si 
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the aammer months. Another cause, not to be passed over, is the height 
, of the Son above the horizon. The diurnal arc described by the great 
! \< lightgiver rises higher and higher from the time of the spring equinox i^ 

I Yj to the summer. solstice, returning in inverse order from the summer ^ 

^""^ ^ solstice to the autumnal equinox. The rays that he sheds on the divers 
j ^ points of the northern hemisphere traverse the atmosphere less obliquely . 
;' than in winter and autumn ; and the ^tensity of the heat received is 
^ much greater when this obliquity is less, a circumstanceeasily explained 
^ - ' by the smaller thickness of tiie atmospheric strata traversed. Besides, / 
; if we leave the thickness of the atmosphere out of the question, the 
% obliquity of which we speak is in itself a cause why the heat received 
should be less considerable, 

■ * 

' ^ The preceding exj^lanation applies to the southern hemisphere during 

I -- ^ thfr^asons of autumn and winter, which are to it what spring and 

/-summer are to us. And as the Sun is, besides, at a less distance from 

rf\ ^the Earth, the intensity of the heat is greater: as also in the winter 

r seasons of the same hemisphere the cold is more intense. In the long 

ran, however, these inequalities are compensated, and the mean tempera- 

'^ . tures of the year are nearly the same, both north and south of the 

^ Equator. 

We speak here merely of the purely astronomical influences, leaving 
out of the question the thousand local disturbing causes which may exist 
or arise ; the climate of a place being a resultant of them all. From 
•4^ this point of view it is also easy to comprehend why the maxima of heat 
and cold do not fall exactly at the solstices, but some little time after, 
in July and January. From the 20th of June the Earth, already warmed 
■^ by the days of spring, continues to receive from the Sun during the day / , 
^ more heat than it radiates during the night : its temperature, therefore, 
K stil} increases. On the other hand, towards the 2l8t of December, the t 
s^ Earth, already chilled by the long nights of the autumnal period, still . . 
*^ continues to get colder, because it loses more heat during the night than / . ^ 
^ it receives during the day. • 

I More than this, the seasons are very different for every point of the 

same hemisphere^ From the equator to one or the other pole, we pass 
by imperceptible degrees from an intense heat to an extreme cold. On 

ft'Hothef' CilQ l Sdt^ ^ nrlnh fl fivfi Tonftfl nr nlitnnfnw nmn A m»k i * i "* 

We shall see in the sequel, that every planet moves round the Sun 
with variable velocities, and more rapidly as it approaches the common 
focus. The Earth, therefore, moves less quickly during the summer 
season of the northern hemisphere than during the winter season, and 
this again contributes to increase the difference in their lengths. 

Tte mean durations of the seasons in the order ih which we have 
ipoken of them are as follows : — 

Dayi. ^ 1>W ? , 

Spring .... 92-9 > Autumn .... 897 r^ 
Summer. . . . 98*6 Winter . . . 89-0 / 
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zones the San descends to the horizon and disappears even beneath it^ 
here for one day, there for six months. It never rises to an altitude 
greater than 46'', and at the pole itself the Tnaxinrnm altitude is but 
half that quantity. 

The superficial areas of these zones are veiy unequal : the torrid zone 
embraces -jVV^^ ^^ ^^ ^^ surface of the terrestrial spheroid ; the 
two temperate zones^ t^ths ; and, lastly, the two frigid zones, ^Stt^^ 
Thus the two temperate zones, tke most favourable to human habitation 
and to the development of civilised life, comprise more than half the 
extent of the Earth ; the frigid zones, which may ahnost be termed un- 
inhabitable, form a veiy small fraction. In these quantities both land 
and sea are included. 
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The various phenomena which we have just considered depend 
directly upon the rotation of the Earth and its annual movement of 
translation in space. The length of this rotation, or of the sidereal day, 
the inclination and the parallelism of the axis, the duration of the year, 
the form of the orbit and its real dimensions, are so many elements 
which combine to produce them. If all, or some of them, were to change, 
the days and nights, the seasons and climates, would change also, and 
the consequences which would result to the conditions of life on our 
planet would produce, either in the long run, or suddenly, the most pro- 
found modifications and most considerable changes 

We have already seen that the length of day has remained invariable 
during the historic period. The same may be said of the year. But 
if the form of the terrestrial orbit and the inclinatioi:^ of the axis of 
rotation vary imperceptibly, the periodical variability of these elements 
is confined within narrow limits, so that, except for unforeseen and 
improbable catastrophes, the astronomical conditions of our planet 
can be considered as invariable. The source of the light and heat, 
and even of life, on our own globe, and on the other planets, no 
doubt, is being gradually dried up, but calculation has shown that 
millions of years must elapse before the gradual weakening of its rays 
can modify perceptibly our terrestrial climates. 

When we come to study the other members of our system, we shall 
soon find the most curious variety in the astronomical — and therefore 
climatic — conditions of each of them. Governed by identical laws, they, 
nevertheless, will present to us the most wonderful diversities, in the 
same manner as the organic kingdom, constructed with a small number 
of simple elements on a plan, the unity of which is, day by day, becoming 
more evident, furnishes, nevertheless, to the intelligent admiration of 
man a considerable number of various substances, and a still mote pro- 
digious number of genera, species, and varieties. 
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VII. 

THE MOON. 

Phases of the Moon^-Ita Movement round the Earth — Dimensions and Distances ; recent 
measures, Effect of Irradiation in the Case of the Moon — Rotation — Rotation and 
Revolution performed in the same time — *^e Moon's Orbit always concave of the 
Sun — The Moon's Rotation on its Axis. 

Owing to its successive and periodical appearances and disappearances, 
— ^the variety of form of its luminous portion, and the raiying illumina- 
tion due to its light, the Moon is certainly the body which above all others 
gives the greatest diversity to the aspect of our nights. The white and 
soft light with which it inundates the landscape is the delight of all those 
who are sensible to the beauties of nature ; poets have not failed to intro- 
duce it in their descriptions, and painters in their pictures But the 
absence or the presence of the Moon in the starry vault is not less interest- 
ing to astronomers than to artists — to science than to poetry. It is 
only from the astronomical point of view that we shall here speak of it. 

When the Moon shines in the heavens, when even she shows us a 
small part only of her illuminated side, the brightness of her light effaces 
the smallest stars visible to the naked eye. The number of stars thus 
rendered invisible — put out as it were, is much more considerable as the 
Moon approaches the full; then the glimmer of the Milky Way is lost in 
the diffused light of the atmosphere, and only the most brilliant stars 
remain perceptible to the unaided vision. Moreover, as the time during 
which the Moon is visible increases with its brightness, it soon becomes 
impossible for astronomers to make delicate observations, at least if they 
do not propose to study the Moon itself, or the more brilliant stars. 

Happily for observers, the Moon disappears periodically from the 
heavens, and thus restores to the celestial vault, when the air is clear 
and calm, all its splendour and magnificence. The great proximity of 
the Moon to the Earth, which it incessantly accompanies in its revolu- 
tion round the Sun, makes it one of the most interesting among the 
celestial bodies. What can be, in fact, more curious than this little 
system in the vast system of the solar world : this Earth in miniature, 
perpetually executing round our globe a series of movements entirely 
similar to those that our Earth in turn performs round the sun. Farther 
on, when we shall see other planets, accompanied also by satellites, and 
forming with some so many little systems, we shall more easily be able 
to appreciate the phenomena which these satellites present to observers 
situated in the primary body, if we in this place study those presented 
by our own Moon and Earth in detail. 

Let us begin with our satellite as it appears to the naked eye. 
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Two facts are known to every one : first, that in an interval of 
twenty-nine or thirty days, the Moon is seen under a series of appear^ 
ances which are called phases^ which are reproduced periodically in the 
same order. Second, that it always presents the same face to the 
Earth, in such a manner that we only see one of its hemispheres : the 
other half of the lunar globe remaining for ever invisible to us. 

Now, these two facts are proofs positive that the Moon has two 
motions, one of revolution round the Earth, another of rotation on itself. 
These two movements, by a curious coincidence, are made in the same 
interval of time. If we follow the Moon through the course of one of 
its revolutions, we shall be convinced of the reality of these movements, 
and of the fact that they are both performed at the same time. 

We know that there is a New Moony when our satellite is invisible, 
both during the day and night It then occupies in the heavens a 
place very near the Sun, presenting to us its dark hemisphere ; for this 
reason, and because also it is lost in the splendour of the solar rays, it 
is invisible to us. 

About four days elapse between the disappearance of the Moon in 
the morning in the east, and its reappearance in the evening in the 
west, a little after the setting of the Sun ; the instant of new moon 
occurs precisely in the mid interval; after this epoch \t gradually 
emeiges from the Sun's rays. 

We see it first (Plate VI.) in the form of a very slender crescent, the 
convexity of which is tamed towards the point below the horizon 
occupied by the Sun : at this time the obscure portion of the Moon's 
disk IB seen very distinctly. The delicate transparent tint which renders 
it visible is known under the name of Earth-shine, or lumihre cendrSe 
and is due to the reflected light of the EartL 

Drawn along, apparently, by the diurnal movement, the body soon 
sets below the horizon. The next day the same appearance again occurs, 
but already the crescent is less delicate, the luminous portion larger, 
and the Moon somewhat farther from the Sun, setting also a little later. 

The fourth day after the new Moon, the form and appearance of our 
satellite, which sets only three hours after the Sun, is that which ifi 
represented in the second figure of Plate VL The Earth-shine is still 
very perceptible, although it diminishes more and more, to disappear 
altogether at the following phase, which is called the First Quarter. 

Between the seventh and eighth days of the Moon, it is presented 
to us under the form of a semicircle, partly visible during the day, as 
this time the diurnal movement only causes it to approach the horizon 
some six hours after sunset. In the preceding phase, the various 
features spread over the Moon's surface were visible. But at this time 
these markings are distinguished with great clearness on the luminous 
half-circle, more especially at the division between the illuminated and 
the dark portion called ** the terminator." 
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Between the first quarter and the Full Moon, Beveu daya again elapse, 
dniing which the form of the illuminated part approaches nearer and 
nearer to that of a complete circle ; the Moon rises and sets later and 
later, alwaj^ turning towards the west the circular portion of its disk. 

Lastly, it presents to us the whole of its illuminated portion, about 
fifteen days after the new moon ; then the hour of its rising is nearly that 
of the setting of the Sun, which in 
turn rises when the moon sets. It is 
midnight when it attains the highest 
part of its course, or in astronomical 
language, when it passes the meri- 
dian ; then the Sun itself passes the 
lower meridian under the horizon; 
that is to say, relatively to the Earth, 
the Moon is precisely opposite the 
Sun. r 

From the time of full Moon to the ! 
next new Moon, the circular fonn of , 
the visible portion of the disk dimin- 
ishes by degrees, and at last puts Fig- (i2.~i"tpi.«eorti«Mo™. 
on the appearance first noticed, — that of a slender crescent. But this 
time the convexity is turned towards the east ; in fact, the half circle 
bounding the illuminated portion naturally always faces the Sun. 

In the mid interval which separates the full Moon from the follow- 
ing period, at the Lasl Quarter we get a phase like that presented at 
the first quarter, but inversely situated. In this second part of the 
lunar period, or Lunation, the apparent position of the Moon in the 
Heavens approaches nearer and nearer that of the Sun. Towards the 
last days, it precedes its rise by very little, until it is again lost in its 
rays, finally to disappear, and then to again appear as a Nem Moon, at 
the commencement of the next lunation. The Earth-shine again 
becomes visible, a^er the last as before the first quarter, and becomes 
more apparent as the visible portion of the disk diminishes. 

This succession of the phases of the Moon, which is constantly 
reproduced, and always in the same manner, results evidently from the 
movement of the Moon round the Earth. This will he easily under- 
stood from fig. 53, and it wUl be there seen why the phases of succes- 
sive lunations are precisely the same when the Sun, the Earth, and 
the Moon occupy the same relative positions ; while, if we referred 
the place occupied by the Moon to the stars, in two or more similar 
and consecutive phases, it would be seen that it does not occupy the 
aame point of the sky — that it does not even traverse the same con- 
stellations ; a fact which resolts not only from the movement of the 
Earth in its orbit, hut from the variations of the movement of the 
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Moon ill hers. In a little more than 29^ days * the Moon ntarns to 
occupy the same position with respect to the Sun and Earth ; this 
marks the length of the lunar month or lunation. 

It must be added, that this leng;th exceeds by more than two days 
the time of a complete roTolution of the Moon in its orbit, that is, of 



Fig. U.-Ocbll ol llu lloos. Eipluutlou of tlic Phuei. 

its sidereal reToIution.+ This difference is due to the moTcment of 
the Earth round the Sun. 

Considering the Garth as fixed, the orbit which its satellite des- 
cribes round it is an ellipse of which the Earth occupies one of the 

« 114 Mconds long. 
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foci The distance, therefore, which separatoa the two bodies, voriea 
incessaiitly, and as a consequence, the apparent diameter of the Moon 
▼aries also, bat inrersely; a fact proved by observation, and especially 
by micrometrical measures of its disk. 

The figures here given will enable us to form a precise idea of 
these variations. 

The greatest distance of the Moon from the Earth is about 64| 
times the equatorial radius of our globe. When the Moon is at this 
distance, it is said to be in apogee. At the time of perigee* that is to 
Bay, its least distance, it is not farther &om us than 57|^ of these radii, 
whence it results that its mean distance is 60} radii, that is, nearly 
equal to the 400th part of the distance of the Earth from the Sun, 
which is, as we have seen, in round numbers 24,000 terrestrial radii 
We must then make a chain of thirty globes, equal in size to the 
Earth, touching each other, and in & straight line, to reach the Moon, 
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[According to the latest researches of Professor Adams, the mean dis- 
tance of the centres of the Earth and Moon is 238,793 miles, and this 
we know to be correct within a very few miles.] 

Afker we have passed the heavens under review, we shall return to 
the interesting ques^on of the distances of the different bodies, and we 
shall attempt to give an idea of the methods which enable us to deter- 
mine them. We shall then see how, relying on very simple geometri- 
cal principles, and aided by instruments of great perfection, astronomers 
can measure the distances of some bodies near the Earth, infer from 
tiieee measures the distances of the other members of the system, and, 
finally, gauge the profundities of the ethereal vault without quitting 
ths movable stand-point where Nature has placed us. 

The mesa distance which separates ns from the Moon is but little 
more than nine times the circumference of the Earth at the Equator. 
There are many sailors who have, in their voyages, traversed as long a 
' Apoget, ftom Ari, jVvn, and "fi, lit Saiih. Ptrigee, from rtpl, ntar, uid t^ 
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dUtance— one thkt ao express train vould wsaly accomplish in less 
than 300 days. 

The apparent magnitude of the lanar disk varies, as we have seen, 
with the distance of the Earth from the Moon : but even on the 
surface of our globe, and at the same instant, the diameter of the disk 
does not appear of equal magnitude to all observers. It appears 
smaller to an observer who sees the Moon rising or setting at the 
horizon than to him who seA it at the zenith. 

To the former, the distance A L of the Moon is nearly equal to 
the actual distance of tlie centres of the two bodies. To the latter, 
on the contrary, the distance A' L is equal to the first diminished by 
the terrestrial radius, or by the sixteenth part of the total distance. 

Hence it follows, that as the Moon is carried by the Earth's rota- 
tion from the horizon of any place to its zenith, that place is actually 
brought nearer to it some 4000 miles. The lunar disk should, there- 
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fore, appear to us larger nt the zenith than at the horizon ; but, singu- 
larly enough, by a pure illusion, the apposite effect obtains ; at tlio 
rising and setting of the Moon its disk appears to us enormous : it 
seems, on the contrary, to diminish insensibly when it is removed from 
the objects situated on the horizon and mounts the starry sky. 

We have remarked that this is a pure illusion. To be convinced 
of it, it is sufScient to take exact measures when the Moon is in the 
two positions : if this be done with rigorous exactness by means of an 
instrument, to make the result independent of our ordinary way of 
judging, it is entirely opposite to the appearance. How is this singular 
phenomenon explained 1 

By an error of our judgment ^Vhe^ the luminous disk of tho 
body is near the horizon, it seems placed beyond all the objects on 
the surface of the Earth interposed between us and it, and Hereford 
more distant than at the zenith, where nothing separates it from ua. 
New an object which keeps the same apparent dimensions is to us. 
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b; virtue of the inslliictive Iiabit^ of our eye, by so mach greater m it 
appears to be more distant* 

We Dext come to the real dimcnsionB of the Moon. These are readily 
determined, since we know, with the most wonderful exactness, both the 
apparent magnitude of the Moon's diameter and our distance from itt 

[A recent discovery of very great interest s,\\Q\va us that in the case of 
the Moon, the word "apparent" meiins much more than it does with 
Tegard to other celestial bodies. Indeed, the brightness of the Moon 
causes our eyes to play us false. As is well known, the crescent of the 
new moon, by an effect of irradiation, seems part of a much larger sphere 
than that which it has been said, time out of mind, to " hold in its arms." 
We now learn that the bright portion of the Moon, as seen in our measur- 
ing instruments as well as with the naked eye, covers a larger area in the 
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field of view of the telescope, than it would do if it were not bright 
This has recently been proved by measuring the dark Moon. Our readers 
may possibly ask how this has been done 1 Well, we get an approach 
to a dark Moon when we observe the occultation of a star at Uie dark 
limb ; and under these circumstances, it has been recently found by the 
Aatronoraer-Koyal, that in tlie main, all such occultations go to show 
that the limb of the Moon ie not so far away from its centre, in other 
words, that its radius is not so great, as we thought. Again, in total 
or annular eclipses, we deal entirely with the dark Moon, and Mr. De 
La Rue's exquisite photographs of the total eclipse of 1860 entirely 
endorse the results of the twenty-five years' labours at Greenwich. 

* ir, when the disk of the Moon appearB on the horiion with th»e illnsolr di- 
menaions, it is looked at with tlie naked eye thronnh a tube, or the bandi placnd 
tDbewiae, the illmioa diiappeara ; it doea uot svero then to exceed in size the lunar 
diak teen at the leaith. 

t The diameter of the Euih h«ing 1, tliat oft'.ie Uoon uO'2T29. 
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The Astronomer-Koyal's result is, that the Moon'g angnlar diameter >— ^' '{^ 
hitherto received is too large by 3". Mr. De La Bae'e, that it is too 

large bj 2''15. And this quantity ' I ', 
// muBt be looked upon as a " telescope- o — 
./ fault." \ I 

,' Hansen gives the mean angular ^ "i 

,',' semi-diameter of the Moon as ^ ^ 
// 15' 33'-36. We must now call it ^ 
n f^ ^,15' 31"-36 ; and its diameter, which 2 «iji 
'/ was formerly supposed to be 2160 -..^ 

j/ '{- miles, or a little more than a quarter 
y of the diameter of the EarUi, maet 

/ be reduced by something like seven 

/ miles. We shall have BOfflething else 

I' to aay on this discovery when we refer 

/.' to the question of the lunar atmo- y " 

f / sphere.] ^ . 

I Supposing the Moon spherical, 

I the total surface of its two hemi- 

spheres, visible and invisible, ia eqnal 
to a little less than the thirteenth part 
v^ of the surface of the terrestrial globe ; 
that is to say, that it measures 
,'^V'i4_568,000 square miles. Lastly, if 
from its superficial extent we pass to 
\r its volume, we find that the Moon is 
scarcely more than the forty-ninth 
part of that of our Earth, 
5,200,000,000 cubic miles. 

The Moon's motion, we have 
before remarked, is effected along 
, elliptical curve or oval, at one of the j '^ 
foci of which is the Earth. Such '*^ J" 
'Would be, indee^tjhe lunar orbit if V 
> JE? Earth r^rfmnej fixed in spac«. ' 1 i 
I ' But it is well knowUylhat, far from > ^ 
\\ ri^^mainingWtRe same spot, our globe / > ^ 
* itself,. travels round the Sun in an ^. .v '"*; 
\ HtrVt the mean radius of which is | i ^ 
\ ^'fbur hundred times greater than that -.:^ . , 
_ ' of the Moon. As the Moon accOm- ^-^^ , ; 

Pig. B7.—Th» iniur Orbit panies the Earth in its stupendoua _, -^^ 

joumey,keepmgtherelativepoeitions < 
necessitated by its circum-terrestrial movement, it follows that the form of A 
its real orbit is much more complicated than a simple elliptic one would be. 
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[Its real path consists of a series of curves, or rather of an epitro- 
choidal curve, concave throughovi to the Sun^ and intersecting the orbit of 
the Earth twice during a lunar month.] 

But the total departure of the Moon from the Earth's orbit does not 
exceed the r^th part of the radius ; so that, if drawn to scale on a 
large sheet of paper, it would be almost impossible to detect the departure 
of the Moon's orbit from that of the Earth. 

If the Earth and the Moon, instead of moving simultaneously along 
their orbits in such a way as to occupy the five positions indicated in 




Fig. 58.— The carve deeoribed in a year, by the Moon round the Earth. 

fig. 67 [which will be understood to be grossly exaggerated, nor is the 
r^ orbit precisely represented], were simply, the first to remain at rest, 
and the second to circulate in its orbit round our globe ; it is easily seen 
that the appearances presented would be precisely the same, at least if 
we compare the positions of the two bodies with regard to the Sun. 

It is in this manner that a person, on the deck of a vessel in motion, 
believes that in walking round the mast he is moving in a circle, whilst 
the curve which he describes on the surface of the sea is a sinuous curve, 
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the form of which is analogous to that of the real orbit of Uie Uoon. 
In reality, the path which thia person traTeraeB is more complicated still ; 
and to obtain its real fonn, we must take into account bis proper move- 
ment, the movement of the veaael on the sea, the double movement of 
rotation and of revolution of the Earth itself It will be seen later on, 
that the Sun moves also through space, drawing with it the Earth, the 
other planets and their satellites ; whence follow, for the orbite of all 



Fig. fiS.— RoUUonota Ephan, (Dppoisd lobe itnat. 

those bodies, sinuous curves, the degree of complexity of which vaiies 
with the number of the various motions with which they are animated. 
We must recollect that it is the phases of the Moon which have 
demonstrated to us its revolution round the Earth. Thia movement, 
added to the fact that the Mood constantly presents the same hemisphere 
to the Earth, proves that it turns also on itself, in a period of time ex- 
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actly equal to the length of its sidereal revolution, that is to say, in about 
twenty-seven days and a third. 

In speaking of the movement of rotation of the Moon on its axis, 
it is right to anticipate an objection often made, proceeding from a false 
idea sometimes conceived of the rotatory moveinent of a movable body. 
" Since the Moon," it is said, " always preseats the same face to us, it 
cannot turn on itself. If it turned on an axis or pivot, it ought to pre- 
sent us all its sides successively." Such is the objection simply put. 

To solve this difficulty, let us examine into the phenomena. What 
is a movement of rotation t How is it known that a body, a sphere for 
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example, does rotate % and how is it known when an enth'e rotation has 
been completed ? Evidently, when the sphere has presented successively 
one of its sides towards every point of the space which surrounds it. 
If we divide the entire rotation into four periods, the accompanying 
diagram will show how the sphere would be seen at the commencement 
of each of those periods to an observer at rest 

Now if the sphere, during the exact time that it takes to effect this 
rotation round its axis, executes a movement of revolution round the 
observer, whether the observer be at rest or not, it is none the less evident 
that the entire rotation would be effected if the side, of which the point 
A forms the apparent centre, is successively presented to all parts of space. 
Now, this is the case with the Moon during a complete revolution in 
its orbit, as may be seen from the comparison of figures 59 and 60.* 

We shall see farther on that it is not rigorously true to affirm that 
the Moon always presents the same face to the Earth ; our satellite, in 
fact, undergoes what astronomers call a librationj or apparent swinging 
from east to west, and another from north to south. 

These librations result from causes of which more anon ; it is sufficient 
here to know that they do not modify the fundamental fact of the equal 
duration which characterises the two simultaneous movements of rota- 
tion and revolution of the Moon. More than this, the central point of 
the disk is not precisely the same to observers situated in different parts 
of the Earth. 

We shall now proceed to describe the Moon as it is seen in the 
telescope, and to inquire into what is known of its physical constitution, 
a question of absorbing interest from so many points of view. 



VIII. 

THE MOON. 

PHYSICAL coNSTrrunoN. 

The Aspect of the Moon to the naked eye — The Sens or Maria : Moantains — Principal 
Mountain Chains — Volcanic character of the Lunar Mountains — The Craters Tycho 
and Copernicus — Walled. Plains — Annular Mountain-ramparts — Craters, Peaks, and 
Cones — ^Terrestrial Anal9gies — Heights and Dimensions of the Mountains— Bright 
Rays : Centres from which tbey emanate ; Mr. Nasmyth's Explanation of them — 
Rilles or Furrows — Suggested Explanations : Recent Labours of Schmidt 

The world which we are about to explore, — somewhat in detail, thanks 
to its small distance and to the great power of our modem optical instru- 
ments, — though like the Earth in some general characters, totally diifers 
from it in others. If an inhabitant of the Earth were transported to 

* The sphere in Fig. 59 occnpif 8 five positions in inverse order to those of the 
Hoon in fig. €0. But this^does net affect the demonstration. 
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the surface of the Moon, he would be at once struck with the strange- 
ness of the scene. The configuration of the surface, every comer broken 
up and rugged, here circular cavities, there elevated peaks ; the aspect 
of the heavens ; the bright stars shining in the broad day ; the sharp- 
ness of the lights and shades ; the eternal silence which reigns in these 
desolate regions ; the extreme temperatures, now glacial, now torrid ; 
the singular life-conditions of organised beings — if it be that life is 
possible there ; all would unite to upset the most familiar notions. 

Nevertheless, whatever may be the contrasts between the lunar world 
and our own globe, it will be seen that the variety which is manifested 
with a marvellous richness, here, as in all the works of Nature, is the 
effect of but a small number of causes, or rather the result of simple 
modifications of elements which are really the same for all celestial bodies. 
The simplicity of the laws which govern astronomical phenomena causes 
the unity of plan of the whole solar system to shine forth with incom- 
parable clearness. 

The full moon in a very pure sky allows the naked eye to distinguish 
the principal dark and bright features — features, the permanence of 
which, as we have before remarked, shows that the same face — ^the 
same hemisphere, is always turned towards us. From east to west, 
going northward, several large greyish spaces are distinguished, the 
uniform aspect of which contrasts with the southern half of the disk, 
which is almost entirely covered with a multitude of bright points. 
The north-east and north-west borders of the disk are terminated by 
whitish and bright marks, whilst the central regions participate in the 
general tone of the southern part 

Of old the name of '* seas " was given to the large dark spots which 
mottle the Moon's northern hemisphere and part of the southern one, 
towards the west and east. The name is still retained, although its 
literal meaning must not be attached to it The lunar seas are now 
regarded as plains; whilst the most brilliant portions are principally 
mountainous regions. We will now briefly describe both, asking the 
reader to follow the description on Plate VII., which represents the full 
Moon as seen with the aid of a telescope of small magnifying power. 

[As the image of a celestial object seen in a telescope is inverted, the 
top of the plate represents the South Pole, and the bottom the North 
Pole, the right hand is east and the left hand west.]* 

To begin with the Seas, or Maria. 

Close to the western border or limb is seen a greyish spot, of an oval 
form, plainly visible by contrast and isolated in the blighter portions : 
this is the ifare Crisium — the Sea of Crisis. Between this spot and the 

* [A slight change has been made here in the translation, at the anggestion of 
the Rer. T. W. Webb, to accommodate the expn^ons " cast" and ** west " to the 
l^neral naage of selenographers, according to which the tenns employed in describ- 
ing the relative position of objects upon the disk, imply a leTersion of £. and W., com* 
pwed with their situation on terrestrial maps, but not an inrersion of K. and S.] 
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centre of the disk, a laige dark space divided by a kind of sharp pro- 
montory has been named the Sea of Tranquillity — Mare TraT^Ulitatie. 
It throws out towards the south two portions, the largest and most west* 
em of which is the Sea of Fecundity — Mare Fecunditatis; whilst the o4her 
smaUer and nearer the centre, is the Sea of Nectar — Mare Nedaris, 

If now, leaving the Sea of Tranquillity, we travel northward, we find 
the Sea of Serenity — Mare Serenitaiis, which is traversed throughout 
its length by a very bright and nearly rectilinear ray which gives to 
the whole spot the form of the Greek capital phi, ^. The Sea of 
Vapours — Mare Vdporum, is a prolongation towaids the centre of the 
disk of the Sea of Serenity. 

Lastly, the Sea of Eains — Mare Imbrittm, of round form, the largest 
of all those which have been named, forms the northern termination of 
the series of greyish spots to which the incorrect appellation of seas 
is stiU applied. 

We must now re-descend towards the east to find the Ocean of Tem- 
pests — Oceanus Frocellarum, of which the outlines, not very well defined, 
are lost towards the south in the Sea of Moistures — Mare Hwmorumy and 
the Sea of Clouds — Mare Nvhium, at a short distance from a luminous 
point, whence diverge in all directions whitish rays of great length. 

This last point, which may be considered as the centre of the 
mountainous regions which surround the southern pole, is no other than 
Tycho, one of the most important elevations of the visible hemisphere 
of the Moon. 

If now, in order to observe the details of thp lunar disk, we employ 
a telescope of considerable magnifying power, we shall be astonished at 
the prodigious multitude of small spots of annular form, round or oval, 
which cover the entire surface. At the time of full Moon, these features 
are not well defined, which arises from the position of the visible hemi- 
sphere with regard to the Sun. 

If, on the contrary, we choose for the time of observation the epoch 
of the first or last quarter, the portions near the edge of the illuminated 
portion of the Moon will appear eaten into cavities, surrounded by 
circular ramparts, throwing their shadows away from the Sun, here 
towards the interior, there towards the exterior, of the cavity. More 
than this, along the whole line of separation of the light and shadow, 
called the Terminaior, the interior of the annular cavities seems quite 
black, whilst here and there luminous points show themselves detached 
from the illuminated portions of the Moon. These spots indicate 
mountain-tops or ranges, which accordingly, as we observe at the first 
or last quarter, receive the rays of the Moon's morning sun, or the sun- 
set rays which linger after the lowlands are in shade. 

Such are the mountains of the Moon. Figs. 61 and 62 give an idea 
of the appearance of the mountainous regions with which our sateUite 
is overspread. 
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The chainfl of mountains, as distinguished from the aminlar moan- 
bun-ramparts, are not lelatirely numerous in the visible hemisphere of 
the Moon. The greatest number is found in the northern part of the 
disk. The Alps, the Caucasian range, and the Appenines, are the most 
remarkable. This last chain separates the Seas of Serenity and of 
Vapours from the Sea of Rains, which is surrounded as with a belt of 
semicircular form by the three ranges we have named. It is well seen 
in the drawing of the full Moon which we have before given. We may 
also notice ^e Carpathian and the Oural mountains, which separate the 
Ocean of Tempests from the Sea of Kains, and the Sea of Clouds ; the 
Taurus mountains, west of the Sea of Serenity ; the mountains Ddrfel 
and Leibnitz, at the southern pole ; the Pyrenees, which separate the 
Seas of Fecundity and of Nectar ; towards the west, the Altai moun- 
tains, near this last sea, which extends 276 miles from north to south. 
[The Altai mountains approach 
closely to the arc of an ellipse, the 
major axis of which is terminated 
on the south by the crater Picco- 
lomini, and on the north by the 
twin craters Isidorus and Capella, 
which are in a very disturbed 
region. The monster craters, Ca- 
therina, Cyrillus, and Theophilus, 
are just within the north-east poi^ 
- tion. There are two concentric 
/ ^ crater ranges separated by pliuns 

\ between the Altai mountains and 

^ the Mare NeclarisJ] lastly, we 

have the Cordilleras and the 
mountains D'Alembert, near the 
western limb. The range of the 
Appenines, the most considerable* 
of these mountain-chains, is, how- 
ever, but 373 miles in length. 

It is impossible not to recognise 

the eminently volcanic character of 

the lunar mountaina All the crust 

of our satellite is pierced by craters 

which indicate an innumerable 

series of volcanic eruptions, some 

limited to a small space, others 

embracing an immense area on the 

sor&ce. We ^ve in the mai;gin a rou^ sketch of l^cho, and the 

* [Or rather " tha moit fomilUrly known." It is SDrpaMsd in height, uid pos- 

■iblj in extent, bv the nnge* (if the; an not annuUr nuopulg in profile) of the S. 

ud E. limbs.— T. W. W.f 




region lying to the west and south, deduced from the large photograph 
{38 inches in diameter) of Warren De La Hue. We also give (fig. 61) 
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an additional representation of crateiiform abysses lying to the south- 
east of the same crater, as observed and drawn by Mr. Nasmyth, who 
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is secoDd to none in Us lianil-dnviDgs of the lunar Burfacet The 
circuUr rampart of Copernictu, one of the largest aonular mountains of 
the Moon, near the Carpathians, is represented in detail in fig. 62, as 
observed by Mr. yaemjth. We are indebted to the kindness of the 
late Admiral Smyth for pennission to present it to our readers; it fonns 
one of the illustrations of hia magnificent work, the "Speculum 
Hart welli anil m." 



Rg. 91— The MoonUliu of tlie Muon. View of CopemicM. (Nuallh.} 

The re^ons near Tycho are formed, as may be seen, of a number of 
craters of various dimensions, some of which are hollowed out in the form 
of cups or funnels, whilst the largest present the appearance of circles 
with flat bottoms, at the centre of which rise peaks of pyramidal form. 
One crater is situated at the centre of a circle which it surpasses in alti- 
tude ; whilst at the bottom of a crater with very elevated ramparts, and 
here and there in the winding valleys which the circular walls leave 
between them, other small volcanic vents scarcely rise above the neigh- 
bouring surface. The irregular edges of all these openings bear testimony 
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to the conTuldong, rents, and dislocationa, which the gurf&ce of our 
satellite underwent at the period when these eruptionB took place. 

The cratei^wall of Copernicus showB numerous traces of (Ubris ejected 
from the crater. Many other lunar mountains present, like Copernicus, 
evident traces of stratification [or terraces, if the common geological 
meaning of " stratification " should be thought to imply aqueous action], 
doubtless owing to the deposits of successive eruptions. 

If the volcanic mountains of the Moon present great analogies to the 
volcanoes of our Earth, they are also distinguished by very marked 
characters. If the preceding drawings be compared with the topographic 
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view (fig. 63) of the Peak of Teueriffe and its environs, the differences, as 
well as the analogies, will be seen. Whilst the craters on the Moon have 
enormous dimensions, — the diameter of Ptolemy being 114^ miles, of 
Copernicus 56, and of Tycho 54,— the dimensions of the terrestrial volca- 
noes are relatively extremely small. The relief of the Isle of Bourbon 
(fig. 64), which we reproduce as constructed by a French engineer, M. 
L, Maillard, shows large depressions of nearly circular form, at the points 
where cones of eruption originally existed. It is, perhaps, to sinkings 
of this nature that the circles of the Moon are due.* But it must be 

* [The elention, hovever, of ths nirToiiiidiiig ruupails seenu to render this 
iinpniWble, as they would on such s eapposition indicate the former exiitence of 
cones of most dispniporUonate dimennona. The exterior of the louar enters seldom 
ezhlbits ahj approach to a vertical poeition. — T. W. W.] 



130 



THE 80LAE SYSTEM. 



remarked tbat the exterior profile of these volcanic cavities has not that 
sharp vertical direction which on our satellite distinguishes the walled 
citLtcra, the elevation of the sides of which is leas on the exterior than in 
the interior, as demonstrated by the differences in the lengths of the 
shadows cast. The bottom of a lunar crater is generally of lower level 
than that of the plain which surrounds it ; the contrary always holds in 
terrestrial volcanues. It is true that this observation applies to the 
walled craters of great extent, rather than to the craters properly so called. 
If, as is believed, the generally rounded form of the lunar features, 
including even the chains of mountains, proceeds from the action of the 
interior strata against the solidified crust of the spheroid — if the walled 



-Mt^w ar^ Imt cr«tm of upl,«>val, would it not be allowable to attri- 
i«Uo Uw int^nor d<.|w*«aon of the bottom of the circular cavities to a 
kind ,rf aiukin}: of the half-liquid matter !• 
K-."„\^r ***'''■'-*" "V* ^™"»> "!«« « fc.tth.|u«te Ptenomenm (Jigwrt, of lit 

!■ II « "J «J;?T,„ u "' '""■' «"«'-»^Pn* »WIo- drp««oiui, lK.and«i 

■■V r^h^^lv.T S"r'^v-\'"""« '■ '1'^ >-orr«: uid U p. 64 he «iys : 

•■-iriW .HMvTi '^1" ' ^'' "•***■ •*' •>>Ji'-«tr Ihir. Tiew^ on the broJest 

I.I.- Jr,*««,^ «hf. iMjj, b,n„^ J« .v.«r «i.lr.l m«. .U h.ving plain 
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One word now on the heights of the lunar mountains. 

The highest of all are in the vicinity of the southern pole ; there 
Dorfel is found, the summit of which attains 8897 yards in altitude ; the 
mountains dasatus and Curtius are 7078 and 7409 yards high, and the 
annular crater Newton is 7951 yards deep. "The excavation of this 
last is such," say Beer and Madler, " that neither Earth nor Sun is ever 
visible from a great part of its bottom." 

In the northern regions, considerable heights are also found : Galip- 
pus and Caucasas, Huygens in the Apennines, respectively attain 6193 
and 6020 yards in height The central peaks and cones are nearly 
always much surpassed in height by the annular mountains. The 
central cone of Tycho measures 5000 feet, and that of Eratosthenes, at 
the extremity of the chain of the Apennines, rises to a height of 5250 
yards above the floor of the crater. 

To sum up ; of the 1095 heights measured by Beer and M&dler, 39 
are higher than the summit of Mont Blanc, and 6 are more than 6500 
yards high. 

Thus the vertical heights of the lunar mountains are not less aston- 
ishing than their lateral dimensions. We have already mentioned the 
immense walled plains of Ptolemy, Copernicus, and Tycho ; but among 
the craters, properly so called, it is not rare to find some which have 
diameters of 100 to 120 miles. The crater of Schickard is one of the 
most considerable on the visible hemisphere of the Moon ; its diameter 
is not less than 133 miles ; and the height of one of the mountains which 
lies near it is 3500 yards. It is a noteworthy circumstance that an ob- 
server placed at the centre of the immense waUed plain Schickard, would 
not be able to see the summit even of the lofby irregular wall which 
surrounds it on every side. The distance would be so great, that the 
borders of the crater would lie below the visible horizon. How different 
to the craters of our own volcanoes, which, as remarked by Humboldt, 
would at the distance of the Moon, be scarcely visible with the telescope. 

To complete this description of the Moon, which is at once geo- 
logical, geographical, and topographical, we must mention two singular 
phenomena which have much puzzled astronomers. We refer to the 
luminous bands and rilles. 

In Plate YII. there are seen to start from two principal points, Tycho 
and Copernicus, two series of luminous rays, which, traversing the moun- 
tains, and the neighbouring features, extend to a great distance from 

outlines approximating to extremely irreffnlar ovals, or other closed cnrres, and 
bounded by mountain chains, or more rounded or flat-topped ridges, or elevations of 
the solid sphere, greater or less ;" and also on p. 61 he says, *'£ach fpreat oceanic 
sanoer, bounded by the existing continents and their fragmentary outliers, presents 
an almost continuous frince around, of mountain chains and volcanic foci." It is not 
a little remarkable, that tne lunar volcanic vents are arranged similarly to those of 
the terrestrial, either breaking out on, or even piercing through, the walls of the 
smaller craters, or arranged in lines across the larger lunar depressions, not unlike 
the sab-oceanic linear volcanic ranges of which Mr. Mallet speaks. — W. R. B.] 
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those brilliant centres. More than a hundred luminous bands thus 
diverge from Tycho. Aristarchus, Kepler, and the Carpathians [and 
many other centres], present analogous systems, which appear to con- 
verge, intermingle, and connect themselves together. These singular 
appearances, of which no entirely satisfactory explanation has yet been 
given, are only visible about the time of the full moon. They disap- 
pear at the other phases ; and this seems to show that they are not 
due to elevations, as then they would cast shadows, and would be, on 
that account, clearly visible. Do they owe their origin to the eruptions 
of the volcanoes which occupy their centre 1 If this be so, would they 
not seem to be crevices filled subsequently with reflecting and crys- 
talline substances, thus forming on the surface of the Moon so many 
sli^tly luminous threads ? 

[Mr. Birt has informed us that some of these rays are visible under all 
illuminations ; one which, emanating from Tycho, crosses a crater on the 
north-east of Fracastorius,isnotonly distinctly visible when the terminator 
grazes the west edge of fVacastorius, but is even brighter as the termina- 
tor approaches it Those emanating from Tycho are evidently different 
in their character from those emanating from Copernicus, while those 
from Proclus form a third class. The rays from Copernicus and Kepler 
appear to be very similar. One very bright ray, in the neighbourhood of 
Geminus, we have found to coincide in direction with a ridge of high land 

Mr. Nasmyth has been able to produce somewhat similar appear- 
ances on a glass globe by filling it with cold water, closing it up and 
plunging it into warm water. This causes the enclosed cold water to 
expand very slowly, and the globe eventually bursts, its weakest point 
giving way and forming a centre of radiating cracks similar to the 
fissures — if they be fissures — ^in the Moon. 

According to the views of an eminent observer, M. Charconae, the 
ring-formed mountains, or craters, which form points of divergence for 
these radiations, are of relatively recent origin. At the time of the 
eruption which produced these craters, the gaseous masses escaping by 
the new volcanic vents, or becoming precipitated, swept before them 
the pulverulent and whitish substances which covered the summits of 
the neighbouring craters of anterior origin, or in case of concentric 
divergence, the summit of the craters existing on the same spot ; hence 
the long white bands which radiate from Tycho in the direction of 
meridians having this volcano for a common pole. This explanation of 
the singular luminous bands which radiate from Tycho, Proclus, Aris- 
tarchus, Copernicus, and Euler, may, perhaps, throw some light on the 
physical constitution of our satellite.* 

The rilles differ from the luminous bands in that they are evidently 
formed of two parallel slopes, more or less steep, leaving a sort of 

* [The enormous length and smoothness of these rays, together with tiieir perfect 
uniformitj of level, seem, however, to militate against any explanation which has 
yet been attempted.— T. W. W.] 



THE MOON. 135, 

sunken way between them. They appear bright in the full moon, and 
in the other phases as dark lines, one of the two ridges projecting its 
shadow on the bottom of the trench. 

It was at first believed that these were ancient river-beds ; but their 
form, often wider at the centre than at the extremities, their immense 
breadth, which sometimes reaches 1| miles, and still more their depth, 
which varies between 450 and 700 yards, render this h3rpothesi8 unten- 
able. Besides which, their length is relatively slight, being usually com- 
prised between 10 and 125 miles. Lastly, one circumstance which is 
frequently observed, and which will show that it is not possible to con- 
sider them ancient river-beds, is, that many of them traverse mountains, 
and cut through the sides of high craters in such a way as to present 
the greatest diversity of level. Some of them are widened in parts, and 
form oval valleys ; others again present a series of small craters, joined 
together.* We here reproduce (Plate VIII.), from the beautiful map of 
Beer and Madler, two regions of the central mountainous parts of the 
Moon, which contain some of the most curious of these appearances. 

Beer and Madler, in their remarkable work Dei' Mond have added 
70 to the list, and point out as an important fact the constancy of 
direction of the majority of them.t All these facts tend to show that 
these singular markings date from the last period of geologic change on 
the lunar surface, and are, therefore, posterior to the craters and ring- 
formations, as is proved by the rainure of Hyginus, which penetrates to 
the interior of this crater, breaking through its boundary wall. 

* [They are not unfreqnently met with in the interior of great walled plains, 
a fact, perliaps, of some selenological import — T. W. W.] 

f Schroter, Pastorf, Gruithuisen, and Lohrmann, preceded the two German 
astronomers in these interesting discoveries. 

[Dr. Schmidt of Athens has been most indefatigable in this department of lunar 
astronomy ; he has discovered no less than 278 of these curious formations, making 
with previous discoveries 425, which he has arranged in classes ; the order of dis- 
covery is as follows : — 

From 1787 to 1801 Schroter discovered . . 11 
„ 1828 „ 1827 Lohrmann „ ... 75 
„ 1823 „ 1841 Madler ,, . . . 55 • 

1847 ,, 1848 Kenan „ . . . 6 

1842 „ 1866 Schmidt „ . . .278 






425 
Mr. Birt has recorded an observation in which a rille appears to have been 
diverted from its course by two craters, and the same rille, in a further part of its 
course, is completely interrupted by another crater, as if the craters were of more 
recent origin.] 

[In connection with rilles, Mr. Mallet has in his report on Earthquake Phe- 
nomena, p. 62, this remarkable passa^ : "A vast fissure (noticed by Humboldt), 
and marked by an almost continuous line of volcanic rents, extends in a direction 
nearly east and west, right across Mexico, between 18° and 19** lat. It is nearly 500 
miles in length. Its main direction if pro<lnced, bears npon the volcanic island of 
Revillegigedo, and, as Hnmboldt also thinks, probably extends to Monna Roa in the 
Sandwich Islands. The Mexican extremity of this enormous crevasse probably 
marks the continental end of one of the great dividing rid^ of the sub^basins of the 
Pacific." It would be desirable to know the breadth of this crevasse. — "W. B. B.] 
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IX. 

THE MOON. 
PHYSICAL CONSTITUTION (Coniinued). 

AbBence of Air and Water on the Moon's Surface— Has the Moon an atmosphepe 1— 
Aspect of a Lnnar Landscape— The Moon's Past History : Professor Frankland's 
Hypothesis based on Traces of Glacier^wtion- The Moon's CUmate— Days, Nij^ts, 
and Seasons— Extent of the Visible and iDvisiUe Portions of the Lunar Globe— 
Aatronomy from a Lunarian's point of view— Lunar Photography ; the British 
Association " Moon Committee." 

We have already supposed an inhabitant of the Earth landing on the 
desolate lunar world bristling with mountains and covered with thou- 
sands of volcanic vents. We have described him contemplating with 
wonder this strange globe. But we ought to mention one fact, which 
would render his sojourn much more than painful — ^impossible ; namely, 
that he would not find on the surface of the Moon the most indispens- 
able elements to his existence, — air and water. 

The Moon, indeed, it would appear, is entirely devoid of atmosphere. 

This fact seems demonstrated by the occultation of stare. When, by 
reason of the Moon's movement across the constellations, one of the 
luminous points of the starry vault is covered by the dark part of the 
lunar disk, it is extinguished suddenly, without any gradual diminution 
of its light indicating the presence of a gaseous envelope. This fact 
holds good with the smallest as with the laigest stare, even during the 
eclipses of the Moon, when its terrestrial atmosphere is longer illumi- 
nated by our satellite. 

If, moreover, an atmosphere, however slight its density, enveloped 
the lunar spheroid, such atmosphere would refract ; that is to say, a 
star, after its real immenion behind the disk, would still remain visible 
for an instant. In the same way it would again become visible on its 
emersion a little before its actual occultation had terminated, so that the 
duration of the occultation would be, for two reasons, less than the time 
assigned by calculation, and deduced from precise and mathematical 
knowledge of the movement of the Moon. Now nothing like this has 
been observed. Hence, it results that, if the atmosphere of the Moon 
really exists, its density is less than the 2000th part of the density of 
the £arth's atmosphere. Such an atmosphere would be more rare than 
the vacuum which is obtained, under the best conditions, in the most 
perfect air-pumps. 

The only objections that can be made to the consequences drawn 
from the preceding fact, are, as Arago remarked, that the apparent 
diameter of the Moon is not perhaps Ibiown with sufficient precision ; 
and again, the singular phenomenon observed in the total eclipse of the 
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8im in 1860, and pointed out by M. LauBsedat, that the horns of the 
solar crescent were truncated and rounded near the Moon's limb. 

There is also another point It is known that the exterior edge of 
the lunar disk forms a line unbroken in appearance, whilst near the 
centre, the terminal eUipse, or terminator, marking the separation of the 
light and shade, is deeply indented and irreguli^. The cause of this 
difference is easily understood ; the summits of the craters and peaks 
situated at the edge of the disk, form a series of undulations which are 
averaged and levelled by the effect of perspective, and prevent therefore 
a r^;ular and uniform outline : at the centre of the disk, on the contrary, 
the irregularities are presented to us in face, as in a bird's eye view, so 
to speak, so that the summits illuminated by the light of the Sun stand 
out from the dark lower levels of the plains. But after all the uniformity 
of the limb is not so decided that it can be argued that in an occultation 
of a star the difference between the observed and the calculated times 
is, or is not, due to the existence of an atmosphera 

[Now, with regard to the recent discovery to which we have before 
referred ; of the 2'''0, by which we now know that the Moon's apparent 
diameter must be reduced, certainly a part, probably the whole is due 
to the irradiation of the telescopic semi-diameter. But the reader may 
perhaps attribute a part to refraction by the Moon's atmosphere. If 
the whole were attributable to that cause, it would imply, according to 
the Astronomer-Boyal, a horizontal refraction of I'^'O, which is only 
about the ao^o P'^ ^^ ^^ Earth's horizontal refraction; probably 
implying a tenuity of lunar atmosphere which would make the atmo- 
sphere undiscoverable in any other way.] 

Is it possible that there may be an atmosphere confined to the 
bottom of the lowest plains and the deepest craters 1 Nothing renders 
probable or contradicts this hypothesis. But at all events no cloud 
ever disturbs the purity of its sky ; for clouds, even of slight dimensions, 
would be easily perceived from the Earth, and no convincing observa- 
tions of any are recorded.* 

In consequence of this want of atmosphere, the lunar landscapes have 
a very peculiar aspect — ^the shadows have everywhere the same blackness. 
At the most, the crudity of the bright and luminous tints, which stand 
out on a nearly black sl^, and of the nearly black shadows, is tempered 
by reflexions, which are, however, very numerous, as the levels are so 
bitten* Then again, there is no aerial perspective — none of those effects 
of light, of those cloud-tints, which give our terrestrial landscapes so much 
chann and softness. There refraction does not decompose sunshine into 
glorious colouring, and a thousand varied tints ; the rainbow and other 

* [After all fair dednctioiia on the score of imperfection of obflervation or pre- 
cipitancy of inference, there are still residuary phenomena, — such as, for instance, 
tlie extraordinary provision of brilliant points which, on rare occasions, diversify the 
Mare CViniim, — so difficult of interpretation, that we may judge it wisest to avoid 
too poaitiye an opinion. — ^T. W. W.J 
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phenomena of the same kind are unknown on the surface of the Moon. 
But then the stars and the other celestial bodies shine in full day in 
the starry vault. 

Plate IX. may give an idea of the aspect of the landscape in the 
mountainous parts of the southern hemisphere. 

The absence of air on the surface of the Moon implies absence of 
water. If there existed lakes, seas, or even rivers, the liquids forming 
these reservoirs or currents would be reduced to vapour by the fact 
that they would not be maintained as such by atmospheric pressure. 
But the solar heat, acting still more energetically, would develop a 
gaseous envelope, — thick clouds of vapour. A cloud of 200 yards in 
diameter would be easily visible. Now, as we have before said, no 
moving object has ever been seen on the disk of the Moon. 

No air and no water ! This implies, of necessity, absence of winds 
and currents, — absence of motion ever3rwhere — in the sky as on the 
surface. At the most, under the influence of the alternations of heat 
and cold, the disintegration of the rocks and the destruction of equili- 
brium of the heavy bodies causing the fall of dSbris break the monotony 
of the stillness and eternal silence. Nor sound, as it cannot be com- 
municated without an aerial medium, can only make itself known by 
the contact of solid molecules. To an inhabitant of the Earth, our 
lightgiver by night would appear, according to the expression of 
Humboldt, but a silent and voiceless desert 

It has been said before that the large dark spots, which the first 
observers took for seas, are now known to be vast plains, lower in level 
than the valleys of the mountainous regions. One thing which, doubt- 
less, in the first instance, increased the illusion, was, that many of these 
spots appear of a light greyish green colour : others are greenish grey, 
reddish, or, again, of a deep grey, like steel. The absence of seas, waters, 
and — ^as a natural consequence — of rains, is so much the more probable, 
as it well explains the present appearance of the surface of the Moon, 
or, in other words, the geology of its superficial strata.* " The Moon," 
says Humboldt, '' is nearly such as the Earth must have been in its 
primitive state, before being everywhere covered, owing to the con- 
tinuous action of tides and currents, with sedimentary beds rich in shells, 
gravels, and alluvium." It is necessary, however, to distinguish between 
the mountainous regions and the regions of the plains. These latter 
ofler a much more uniform surface, and it appears probable that it is 
owing to sedimentary beds which are there deposited. 

[Instead of seas they are most probably old sea-bottoms. 

Such, then, are the results of the telescopic observations of the side 
of our satellite turned towards us. Do we know anything about the 

* [The long continuance of eruptive action, so distinctly marked by the succes- 
sive encroachment of more recent craters upon the boundaries of older ones, and 
the decrease of its energy, equally traceable in the diminished magnitude of the 
results, are too evident to admit of a question. But many other features are of a 
more equivocal character. — T. "W. W.] 
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like conditions of the side turned away from us f or, again, can we dive 
into the past history of the Moon f 

The illustrious Hansen has held that it is quite possible that the 
lunarians on the side away from us may possess both water and an atmo- 
sphere, and that the side turned towards us may be regarded as one 
vast mountain. Adams and Le Yerrier, however, have shown that such 
a hypothesis is not very securely based. 

Professor Frankland has perhaps provided us with some data towards 
answering the second question. A study of the glacial epoch on our own 
globe, he asserts, render^ it probable that the other bodies belonging to 
our solar system have either already passed through a similar epoch, or 
are destined still to encounter it With the exception of the polar ice 
of Mars we have hitherto obtained no certain glimpse into the thermal 
and meteorological condition of the planets ; and, indeed, the Moon is 
the only body whose distance is not too great to prevent the visibility 
of comparatively minute details upon her surface. Pix)fes8or Frankland 
believes, and his belief rests on a special study of the lunar surface ; 
that our satellite has, like its primary, also passed through a glacial 
epoch, and that several, at least, of the valleys, rUles, and streaks of the 
lunar surface, are not improbably due to former glacial action. Not- 
withstanding the excellent definition of modem telescopes, it could not 
be expected that other than the most gigantic of the characteristic de- 
tails of an ancient glacier bed would be rendered visible. What then 
may we expect to see 9 Under favourable circumstances the terminal 
moraine of a glacier attains enormous dimensions ; and, consequently, 
of all the marks of a glacial valley this would be the one most likely to 
be fiiBt perceived, '^o each teminal moraines, one of them a double 
one, have appeared to them to be traceable upon the Moon's surface. 
The first is situated near the termination of that remarkable streak 
which commences near the base of Tycho, and, passing under the south- 
eastern wall of BuUialdus, into the ring of which it appears to cut, is 
gradually lost after passing Lubiniezky. Exactly opposite this last, and 
extending nearly across the streak in question, are two ridges forming 
the arcs of circles, whose centres are not coincident, and whose extemid 
curvature is towards the nortL Beyond the second ridge a talus slopes 
gradually down northwards to the general level of the lunar surface, 
the whole presenting an appearance reminding the qjbserver of the con- 
centric moraines of the Rhone glacier. These ridges are visible for the 
whole period during which that portion of the Moon's surface is illu- 
minated ; but it is only about the third day after the first quarter, and 
at the corresponding phase of the waning moon, when the Sun's rays, 
falling nearly horizontally, throw the details of this part of the surface 
into strong relief, and these appearances suggest this explanation of 
them. The other ridge, answering to a terminal moraine, occurs at the 
northern extremity of that magnificent valley which runs past the eastern 
edge of Rheita. 
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With regard to the probability of former glacial, or even aqueous, 
agency on the surface of the Moon, difficulties of an apparently very 
formidable character present themselves.* There is not only now no 
evidence whatever of the presence of water, in any one of its three forms, 
on the lunar surface, but, on the contrary, all selenographic observa- 
tions tend to prove its absence. Nevertheless, the idea of former 
aqueous agency in the Moon has received almost universal acceptation. 
It was entertained by Gruithuisen and others. But, if water at one time 
existed on the surface of the Moon, whither has it disappeared 1 If we 
assume, in accordance with the nebular hypothesis, that the portions of 
matter composing respectively the Earth and the Moon once possessed 
an equally elevated temperature, it almost necessarily follows that the 
Moon, owing to the comparative smallness of the mass, would cool much 
more rapidly than the £arth ; for whilst the volume of the Moon is 
only about i^th, its surface is nearly -jij^th that of the Earth. This 
cooling of the mass of the Moon must, in accordance with all analogy, 
have been attended with contraction, which can scarcely be conceived 
as recurring without the development of a cavernous structure in the 
interior. Much of this cavernous structure would doubtless communi- 
cate, by means of fissures, with the surface ; and thus there would be 
provided an internal receptacle for the ocean, from the depths of which 
even the burning sun of the long lunar day would be totally unable to 
dislodge more than traces of its vapour. Assuming the solid mass of 
the Moon to contract on cooling at the same rate as granite, its refrigera- 
tion, through only 1 80° Fahrenheit, would create cellular space equal to 
nearly 14^ millions of cubic miles, which would be more than sufficient 
to engulf the whole of the lunar oceans, supposing them to bear the 
same proportion to the mass of the Moon as our own oceans bear to 
that of the Earth. 

Now, if such be the present condition of the Moon, we can scarcely 
avoid the conclusion that a liquid ocean can only exist upon the surface 
of a planet so long as the latter retains a high internal temperature. 
The Moon, then, becomes to us a prophetic picture of the ultimate fate 
which awaits our Earth, when, deprived of an external ocean, and of all 
but an annual rotation upon its axi8,t it will revolve round the sun an 
arid and lifeless wilderness, one hemisphere being exposed to the per- 
petual glare of the solar rays, the other shrouded in eternal night.] X 

* [It may be objected to this ineenioiu theory that the traces of such an action 
would be far more numerous, there oeinff great probability that tiiere would be a 
regular gradation in their proportions, and an absolute certainty that they would be 
visible in modem telescopes, even if of far less magnitude than those referred to. — 
T. W. W.] 

t [Mayer has recently endeavoured to prove that the action of the tides tends to 
arrest the motion of the Earth uiwn its axis. And although it has been asserted that, 
since the time of Hipparchus, the length of the terrestrial day has not increased by 
the T^th part of a second, yet this fact obviously leaves untouched the conclusion to 
which Mayer's reasoning points.] 

t Professor Franklaua, fV»)c. Royal Institution^ vol. iv. p. 176. 
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The climate of our satellite must be not less extraordinary than its 
geology. During about fifteen days the Sun pours its rays, without any 
cloudy curtain or aerial current to temper them. To this temperature, 
more intense even than that of our torrid zone, succeeds an intense cold 
which a night of fifbeen days* length renders more glacial than that of 
our polar winters. It is true that during the day the radiation of the 
solar heat into space again is not prevented. We must conclude, there- 
fore, that the climates of the various regions of the Moon have a certain 
analogy with those of our Alpine regions ; seeing that the depression 
of the temperature, and the reverberation of the intense light there, 
become insupportable by the continuity of their action. 

There are, properly speaking, no seasons on the Moon. The slight 
inclination of its axis of rotation maintains the Sun at a nearly con- 
stant inclination in each latitude. But whilst in the equatorial regions 
the radiant body scarcely leaves the zenith, at the middle of the day, 
in the polar regions it scarcely rises above the horizon. The polar 
mountains enjoy perpetual day.* 

One can understand, also, that the inclination of the Sun to the 
lunar surface, variable according to the latitudes, can never have on 
the Moon the same importance as on the Earth; since the rays, 
whether luminous or calorific, are transmitted directly to the surface 
without having to traverse atmospheric strata of unequal thicknesses. 

The revolution of our satellite is effected with variable velocity, 
whilst its movement of rotation is uniform. Hence results a want of 
correspondence between the two movements ; and the Earth is found 
sometimes to the east, sometimes to the west, of the point of space 
opposite to a fixed point of the surface of the Moon, considered as the 
centre of the visible hemisphere. We thus discover regions both at 
the eastern and western limbs, which, without this circumstance, would 
remain hidden to us. 

IsoT is this all ; the inclination of the plane of the lunar orbit, 
added to that of its equator, to the plane of the terrestrial orbit, causes 
the Moon to present to us sometimes the north, sometimes the south 
pole of its globe, and thus to uncover certain portions of its polar 
regions which otherwise we should not see. 

From these two libraHans, which is the name given to these move- 
ments, it follows that of 1000 parts of the surface of the Moon, 569, 
or more than half, are visible to the Earth, whilst only 431 remain 
constantly hidden from us. 

But as the dimensions of the Earth are very appreciable when 

• " The Sun does not descend below tbe real horizon of a lunar pole, at the most, 
to an angle greater than the inclination of the equator of the Moon ; that is to say, 
1** 30' ; but the smallness of the globe of our satellite is such, that at an elevation of 
660 yards we see 1" SO' below the true horizon. Now there exist at the North Pole 
luoantains upwards of 4000 yards in height ; consequently the summit of these 
mountains can never be hidden from the light of the Sun." — Beer and Madler, 
Fragments 8ur Us Corps Cilestes, 
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compared to its distance from the Moon, it follows that an observer, 
as he moves on the terrestrial spheroid, displaces the apparent centre 
of the lunar disk, — or, what comes to the same thing, perceives the 
different portions near the limbs. 

The effect of this displacement again increases the dimensions of 
the portion of the Moon which is accessible to us, in such a manner, 
that of 1000 parts 424 only remain definitely and absolutely hidden, 
576 are visible to us. 

From east to west, the part of the Moon which must for ever re- 
main unknown to us embraces 2780 miles ; from north to south, 2815 
miles; from the lat. of 40^ north, to the same latitude south, 2690 miles; 
whilst the same dimensions, calculated for the visible surface, are re- 
spectively 3310, 3266, and 3390 miles, according to Beer and Madler. 

A complete zone, therefore, of the half of the Moon which is turned 
away from the Earth, is accessible to the eyes of man. [So much 
foreshortened, however, that our knowledge of great part of it must 
always remain very defective.] 

" Now, observations have not indicated," we quote these two most 
diligent explorers of the Moon, " any essential difference between those 
regions which form the seventh part of the lunar surface generally 
hidden from our gaze, and those with which we are acquainted ; the 
same mountainous countries and the same maria are found there." 
Hence, it is most natural to conclude the similarity of the invisible 
portions of those which we see. 

That the part actually invisible will for ever remain unknown to 
the Earth, follows from the searching analysis of Laplace. 

To bring to an end the description of the physical particularities 
which make the Moon a body so different from the globe which we 
inhabit, let us see if the astronomical phenomena are the same for her 
as for the Earth. Without examining into the interesting — almost 
insoluble question, of the existence of living and organised beings on 
the surface of the satellite of our little earth,* we shall suppose an 
observer successively placed on each of its hemispheres. 

The phases of the Moon indicate that she presents all the points of 

* Others, more daring jthan ourselves, will doabtless cut the knot of this difficulty. 
They will assert, with a great chance of being believed, that an organised being can- 
not live vrithout air and water, and that the climatic conditions of the Moon are 
evidently opposed to such organisms ; we will not contradict them. The cause of 
our reserve, however, is easy to understand. If, before having observed any of the 
innumerable oiganisms which people the waters on our planet, and before having 
heard of their existence, any one bad suddenly learned that it is possible to extst, 
breathe, and move in water, and if he then referred to simple experiment, which, 
teaches that prolonged immersion in a liquid is fatal to all the organisms known to 
him, even to man himself : without doubt, the assertion would cause him the greatest 
surprise. Such would be our surprise were it ever demonstrated by facts oeyond 
dispute, that living beings exist on the surface of the Moon. Nature is so varied in 
its modes of action, so infinite in the manifestations of its power, that nothing in 
Nature can be pronounced by man to be absolutely impossible. 
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her sphere to the Sun in an interval of 29-j^ days, or, as it may be 
put, in about 709 hours ; each of these points, tiierefore, receives during 
354^ hours the solar light and heat, for this is the length of the Moon's 
day. During 354^ hours the same point is entirely deprived of light 
and heat ; this is the length of its night From this point of view there 
is an entire equality between the visible and the invisible hemispheres. 

The absence of atmosphere must give to the lunar days a singular 
aspect The disk of the Sun, seen sharp and distinct, is deprived of 
those rays which surround him to a great distance as seen from the 
EartL If it be true that the Sun is surrounded by an atmosphere, 
this envelope should be clearly visible in the lunar sky, which every- 
where else, as we have said, remains dark, and even in broad day is 
overspread with stars. 

But the intensity of the light of the Sun and that of his direct 
heat, are not the same at mid-day in each hemisphere of the Moon. 
In fact, it is noon for the points of the lunar meridian which is pre- 
sented to us at the exact moment of full moon ; while for the other 
half of this meridian, our lunar antipodes, noon coincides with the 
instant of the new moon. Now, in the first position the Moon is 
farther from the Sun than in the second by double its mean distance 
from the Earth, or by the '200th part of the distance of the Sun from 
the Earth. So the apparent diameter of the Sun is greater in the 
second case than in the first by about the two-hundredth part 

During the nights of this latter hemisphere, the lunar observer will 
constantly see the Earth under the form of a luminous disk, fourteen 
times larger than the Moon in our own sky, and presenting successively 
a series of phases analogous to her own. The nights, therefore, will 
never be quite dark, as in fact is indicated by the Earth-shine. At 
midnight, that is, at the Moon's midnight, the side of which we speak 
— ^the one turned towards us, then invisible because it is lost in the 
Sun's rays — ^will have ftUl Earth, The light, which she then receives 
from the luminous disk of our planet, i$ equal to that which would 
be received by ourselves, if fourteen full moons equal to our own were 
at the same time lighting up our evening sky. 

On the other hand, the Earth is unknown to the lunarian observer 
situated on the invisible hemisphere, and the darkness of the nights 
there can only be imagined by bearing in mind that they are tempered 
by no twilight, and that the only illumination received by that hemi- 
sphere is star-light. Between these two regions, which form together 
six-sevenths of the surface of the Moon, is the zone, near the limb, 
which comprises the parts in which the Earth is sometimes in view, 
sometimes invisible. In this zone the Earth rises and sets, but its 
disk rises only a short distance above the horizon. 

In the visible hemisphere, the phases of the Earth, the observation 
of the different features which appear and disappear in turn by the 

L 
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effect of rotation, serve as a clock : it is a dial, all but fixed in the 
same point of the sky, like an immense lamp, behind which the stars 
defile slowly along the dark sky. 

As to those regions of the Moon which are invisible to the Earth, 
as soon as the Sun has disappeared below their horizon they are 
suddenly plunged into the deepest night. During 350 hours, an astro- 
nomer, if he were transported to such a favourable sky, would be able 
to carry on his observation of planet and star unimpeded by cloud, 
moon, or twilight. Another difference which characterises the invisible 
hemisphere is, that there the Sun is never eclipsed, whilst in the hemi- 
sphere turned towards us solar eclipses last sometimes two hours. 

Here, then, we may bring our notice of the details of the lunar 
world and its singular constitution to a conclusion. The phenomena 
to which we have just referred — Eclipses of the Sun and Moon — ^which 
are invested with such absorbing interest, now demand our attention.* 

[Before, however, parting company with the Moon, we would refer 
the reader who would know more about her to the Kev. T. W. Webb's 
work. Celestial Objects for Common Telescopes. That observer has for 
many years made the Moon his special study.] 



ECLIPSES OF THE SUN AND MOON. 

Qeneral Theory of EcUpses — ^Eclipse of the Son can only take place at the time of New. 
Moon — ^The Eclipses of the Moon happen at Oppoaition-— Why each Lunation is not 
accompanied by two Eclipses. 

When the movements of the Moon and the Earth bring these two 
bodies in such a position that their centres and the centre of the Sun 
are all in the same straight line, the phenomenon which follows from 
this particular situation of the three celestial bodies is what is called 
an Eclipse. If it be the Moon which occupies the intermediate position, 
it turns its dark hemisphere towards the Earth : and the interposition 
of its black disk between us and the luminous body of the Sun pre- 
vents the rays of the latter reaching us, and an Eclipse of the Sun is 
produced. If it be the Earth which occupies the mid-interval, our 
globe acts as a screen ; the lunar hemisphere turned towards the Sun 

* [The labours in lunar astronomy, more especially as regards the Moon's snrface, 
of Julius Schmidt of Athens, have been very extensiye. Since the year 1842 he has 
made and calculated 4000 microraetrical measures (made at the observatory at Olmutz, 
between 1853 and 1858) of the altitudes of lunar mountains. In addition to these he 
has nearly 1000 orifdnal sketches, which he is now engaged in combining into a map 
of three feet radina. ] 
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no longer receives his rays, its disk is obscured, and we have an Eclipse 
of the Moon. 

But this way of considering the phenomena is only from our own 
point of view. In reality, in both these cases, there is simultaneously 
an eclipse to each of the three bodies in question. 

What happens, in fact, in the first case ? 

To an observer placed on the Sun, the Moon seems projected on the 
Earth, hiding a portion of the surface, although it is true that the two 
superposed disks, as they are both luminous, would not permit the 
darkened part of the surface of the terrestrial globe to be seen from the 
Sun. An observer situated on the dark hemisphere of the Moon will per- 
ceive an eclipse of the Earth, that is to say, a successive darkness over 
all the regions of our globe in which the eclipse of the Sun is visible. 
Lastly, in the case which produces an eclipse of the Moon as seen from 
the Earth, there is also an eclipse [occultation] of the Moon to the Sun, 
whilst there is an eclipse of the Sun to the lunar hemisphere turned 
towards us. 

Eclipses may be regarded and explained in another way. 

The Earth and the moon are two spherical and opaque bodies, and 
the halves of both are constantly illuminated by the rays of the Sun, 
whilst the other halves are in the shade. The illuminating body is itself 
a sphere of much greater dimensions. Not only, therefore, have the Moon 
and the Earth always one of their hemispheres dark, but each of these 
two bodies throws behind it, away from the Sun, a shadow of conical form, 
the length and diameter of which depend on the distance and diameter 
of the Oluminating body, and the diameter of the illuminated body. 

This cone of shade encloses all those parts of space, where, by reason 
of the interposition of the opaque body, no ray of light from the Sun 
ean be received. Beyond the summit of this cone of pure shadow — of 
unibra — and in its prolongation, are situate all those points of space 
which see a part of the Sun, under the form of a luminous ring, boriier- 
ing the obscure disk of the opaque body. 

Lastly, these two regions are themselves surrounded by what is 
called a fewmJbra. Every part of space situated in the penumbra only 
receives light from one part of the Sun, the luminous disk of which 
seems partially invaded by the obscure ^sk of the opaque body. The 
darkness produced by the penumbra is so much more intense as the 
point in question is nearer the umbra. 

The Moon and the Earth, in their movements, carry with them their 
cones of umbra and penumbra, and it is by projecting these total and 
partial shadowings one on the other that they produce the phenomena 
of eclipses. 

Now, if we look at fig. 65, it will be at once seen why an eclipse of 
the Sun, when it does happen, always takes place at the moment of the 
new moon, and why, on the contrary, an eclipse of the Moon is only 
possible at the period when our satellite is in opposition, that is to say. 
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at the moment of full moon. In all the otlier positions of our satellite, 
that ia to saj', in all the other phases of the lunation, the lunar cone of 
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shade is projected into apace away from the Earth, and the terrestrial 
cone of shade does not meet the Moon.1- 
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This is confirmed by all the observations of eclipses. It does not, 
however, follow that there is an eclipse at every full moon, or at each 
new moon, and the reason for this is not far to seek. 

There would be really two eclipses in each lunar month, one of the 
Sun, the other of the Moon, if the orbit of the Earth round tiie Sun and 
the orbit of the Moon round the Earth were described in the same plane. 
Then, at the epoch either of opposition or of conjunction, the centres of 
the three bodies would be necessarily in a straight line. 

But it has been seen that this is not the case. The orbit of the Moon 
is inclined to the plane of the ecliptic, so that it often happens that, at 
the moment of the new moon, our satellite projects its cone of shade 
above or below the Earth. Similarly, at the period of opposition, the 
Moon, in consequence of its position out of the plane of the ecliptic, 
passes sometimes above, sometime below, the terrestrial cone of shade. 
Every time that this happens of course there is no eclipse. 

Let us see, then, what conditions are necessary for an eclipse of the 
Sun or the Moon. 

The orbit of the Moon, we repeat, is situated in a plane which makes 
with the plane of the terrestrial orbit a certain angle, nearly constant. 

It follows that half of the monthly revolution is effected above this 
latter plane, whilst the other half is accomplished below it The Moon 
then passes through the ecliptic twice every lunation. 

The two positions which it occupies during these passages are the 
Nodes. One is called the ascending node, the other the descending node ; 
because they correspond, the first to the movement of the Moon when it 
rises from the south side to the north side of the ecliptic, the second to 
the inverse movement. 

If the nodes remained invariable in their relative positions with 
regard to the Sun, one of two things would happen ; either there would 
be no eclipses at all, or there would be two in each lunar month. But 
the nodes are displaced from one lunation to another ; and it is easy to 
comprehend that an eclipse will take place every time that they coincide 
with the phases of the full and the new moon — ^with the syzygies, as they 
are called.* This coincidence need not be absolute ; it sufiices that the 

* [The plane of the Moon*s orbit may be re^rded as shifting parallel to itself as 
the Earth travels roand the Sun. Thus, precisely as there are two epochs in the 
year — the equinoxes — ^when the Earth's equator-plane is directed towards the Sun ; 
so also there are two epochs in the year when the plane of the Moon's orbit is directed 
towards the Sun. At new moon or full, near these epochs, there will be solar or 
lanar eclipses. Hence there are two eclipse-months (so to speak) in each year. 
During each, at least one eclipse must take place (if only one the eclipse will be 
solar), and there may be as many as three. Add to these considerations tne fact that 
the plane of the Moon's orbit shifto its nodes precessionally — much as the Earth's 
equator-plane does — only in a period of about 18} years (instead of more than 26,000 
years) and the chief general relations of eclipses will be understood. The effect of 
this precessional motion is somewhat to shorten the mean interval between eclipse- 
months, which is thus reduced to about 5} months. — R. A. P.] 
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nodes be so near ihese phases, that the size of the cones of shade 
makes an immersion either of the Moon or of the Earth possible. 

Such is the first general condition of possibility of these phenomena. 
There are still others which are proper to each kind of eclipse, which we 
shall discuss in describing the two kinds of eclipses separately. 



XI. 

ECLIPSES OF THE SUN. 

Conditions of the Poesibility and Visibility of Eclipses of the Son — ^Total, Annular and 
Partial Eclipses — Path of the Moon's Shadow along the Earth — Longest possible 
Duration of Solar Eclipses — ^The Corona, Red Prominences ; they belong to the 
San : their Shape and Height — Influence of the Phenomena of Eclipses on Living 
Beings. 

Solar eclipses are of three kinda Some are total ; the dark disk of 
the Moon then entirely covers the Sun. Others are partial ; that is, a 
portion only, large or small, of the solar disk is eclipsed. Lastly, there 
are annular eclipses, which take place when the disk of the Moon is not 
large enough to entirely cover that of the Sun, and leaves, a luminous 
ring visible round its own body. 

As the Moon is much smaller than the Sun, it will be understood 
that it is its small relative distance which causes its disk to appear of 
equal, and even greater, dimensions than that of the Sun. This distance 
varies by reason of the elliptical form of its orbit, and hence the dimen- 
sions of the lunar disk are sometimes larger, sometimes smaller than, 
and sometimes equal to, those of the Sun. 

This is the same as saying that the cone of real shadow or umbra, 
projected by the new Moon towards the Earth, reaches or does not reach 
the surface of our globe. If it reach this surface, there is a total eclipse 
to all parts of the Earth which are plunged in it ; a partial eclipse to 
all the regions contained in the penumbra. This wUl be understood 
from the following figure. 

If the cone of the Moon's shadow does not reach the Earth, there 
will be an annular eclipse visible in those parts comprised in the pro- 
lobgation of the cone ; a partial eclipse to those which are only found 
in the penumbra. This case is represented by the next figure. 

It will be seen, therefore, that the conditions of the possibility of a 
total eclipse of the Sun are the following : — 

The Moon must be in conjunction, that is, she must be new ; 

She must at the same time be near a node ; 
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Lastly, her distance from the Earth must be less than the length 
of the cone of shadow projected by her into Bpsce. 

The same conditions, except the last, are necessary for an annnlar 
eclipse. 

l^ose -who are acciutomed to read in scientific journals or in 
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almanacs the announcements of eclipses, which are calcnlated long before- 
hand by astronomers, must often have noticed these words, invmble at 
■London (or some other place). An eclipse of the Sun (we shall speak 
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farther on of those of the Moon) may then take place without being 
visible to all parts of the Earth. A little thought will convince us of 
this, and make it easy to account for the circumstance. 

First, it is evident that there will be no eclipse at those places 
where the Sun remwns invisible during its entire duration ; secondly, 
in many places which have the Sun above their horizon, if the Moon's 
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shadow ia not large enough to cover the illumiitftted tnuface, there will 
bo no eclipse. 

But the Moon has a. diameter nearly four times less than that of 
the Earth. Its cone of shade, therefore, at its greatest, is much too small 
to enahroud the whole Earth ; and near the extremities of this cone its 
dimensiona are small enough to throw on the surfece of our globe but 
a very small circle of shadow, about 50 miles in diameter. An eclipse 



.— ToUI BcIlpH 



iQ Uu aarfica ot Uh Eutb. 



of the Sun is then only total at the same instant, in a circle of these 
dimensions. But the rotation of the Earth and the movement of 
translation of the Moon combined, cause the cone of shadow to travel 
in reality over a very lai^ surface, tracing a dark curve on the surface 
of the continents and seas.* 

* The lengtli of the cone of dmde projected by the Hoon into space, varies 
between 57 and G9 radii of the Earth. On the other huid, we have seen that the 
dUtance between the ceutres of the Earth and the Moon alio varies between 57 and 
64 terrealrial radiL From the centre of the Moon to the nearest point of onr globe 

there are then from 66 to 63 of these radii. 
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The 8ame observations apply to the penumbra. 

Thus, according to the position of places relatively to the Sun and 
to the Moon, the first of these bodies may be eclipsed totally or partially, 
or even appear only in simple contact with the obscure disk of our 
satellite. 

The astronomical theories of the movements of the Moon and of the 
Earth are now so perfect, that astronomers can predict these phenomena 
with the most wonderful precision. Not only does the calculation 
indicate the day of the eclipse ; but the exact second, the time, the 
dimensions or phases of the phenomenon for every spot of the earth are 
given. Maps are generally added to these numerical details, and show 
those parts of the Earth where the eclipse will be visible. 

We have drawn a map of this kind, for the total eclipse which 
took place on the 18th of July 1860, according to the indications of 
the Connaissance des Temps and the Nautical Almanac, — works pub- 
lished many years in advance for the benefit of astronomers and 
navigators. 

A curve in the form of oo marks the points of the globe where the 
eclipse commenced or ended at sunrise or sunset. Another line, which 
cuts the first two in parts, passes through those places which only saw 
half the eclipse, because the middle of it coincided at those places either 
with the rising or setting of the Sun. 

One line, darker than the rest, marks the line in which the eclipse 
was total and central Parallel to this line, other lines which are not 
marked on the diagram would indicate the regions where the partial 
eclipse was visible under smaller and smaller phases,* until the line is 
reached which limits the phenomenon, passing through all the places 
where the eclipse is reduced to the simple contact of the disks of the 
Sun and Moon. 

The black line of central eclipse is in reality but the path of the 
shadow thrown by the Moon on the surface of the Earth, as the com- 
plete figure represents the path of the penumbra on the same surface. 

The duration of an eclipse of the Sun is variable. But we must 
distinguish carefully between the total duration of the phenomenon on 
the whole Earth, and on any given place. We here give, according to 
the calculations of Dionis de S^jour, cited by Arago, a table showing 
the greatest possible duration of the different phases : 

Greatest possible duration. 
Atotaledip*, . .lilgS^^rofPari. ; "^ "■ "" 
Annular pha«e . • j It tlw hto^'^of Paris '. 
Total oh«cnrit7 . • j It the l^tade of Pari^ ! 

* Astronomers fonnerly expressed the size of the phases by the number of difi^ts, 
a digit being the twelfth part of the diameter of the solar disk. Thus, if the phase 
was -^ digi^ the Moon's limb extended to the centre of the Sun. 
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The total eclipse of the Sun, of which the preceding figure gives 
the path on the surface of the terrestrial globe, commenced at hour 
3 minutes P.M. Paris mean time, and ended at 5 hours 6 minutes P.1L 
after having lasted in the whole of its phases 5 hours 3 minutes. At 
Paris, where the eclipse was only partial, the duration of the pheno- 
menon was only 2 hours 14 minutes. 

Total eclipses of the Sun are very rare, even for the Earth in 
general ; they are much more so for particular places. From the 16th 
until the beginning of the 19 th century, there were altogether nine 
total eclipses of the Sun, and seven annular ones. Paris, during all 
the 18th century, only witnessed a single total eclipse, that of 1724. 
London also, as little favoured as the capital of France, has not seen 
one since 1715. 

Since 1801 eight total eclipses have been observed, those of 1806, 
1842, 1850, 1851, 1858, 1860, 1861, and 1870. We give here those 
which will take place before the end of the present century, with the 
places where they will be total : 

1887. 19th August . North-east of Germany, south of Bussia, 

Central Asia. 
1806. 9th August . Greenland, Siberia, and Lapland. 
1900. 8th Kay . . Spain, Algeria, Egypt, the United SUtes. 

None of them will be total at London. 

The eclipses of the Sun and Moon no longer are privileged to excite 
fear, at least among civilised nations. Instead of a superstitious terror, 
they inspire an interest of curiosity. Announced a long time before- 
hand, they testify to the precision of astronomical calculations ; and all 
are getting accustomed by degrees to admire the fixed laws, order, and 
harmony, where formerly ignorance supposed but accidents, precursors 
of evil, and testimonies of the celestial anger. 

As to the astronomer, he finds in them matter for researches of the 
highest importance. Even the partial eclipses, the least interesting of 
all, give him occasion to verify the exactitude of his tables, by the 
agreement, or otherwise, between the hour predicted by calculation, and 
the hour really observed. But it is the total eclipses, especially the 
later ones— those of 1842, 1850, 1851, 1858, 1860, and 1861,— which 
have been so fertile in new and precious facts. 

We propose to give a brief description of these facts, besides placing 
under the eyes of the reader, in Plate X., drawings which represent 
some of the various phenomena observed. 

Let us follow the phenomenon in its progressive marcL 

It \s always the western border of the Sun which first receives the 
impression of the contact of the moon: and consequently it is the 
eastern border of the lunar disk which, by degrees, encroaches on the 
radiant body, until it covers it entirely. The eclipse is necessarily 
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parti&l, thei^ore, before the moment when the lurt InminooB thread 
disiq^pean. The total obecuntion, — the totalit}r, as astronomers call 
it,— -Uien commences. At the end of some minutes a fine luminous 
thread appears at the western edge, and the partial eclipse passes, in 
iDTcne order, through the same phases as in the first part of the pheno- 
menon. There are then, in all, four contacts of the two disks — two 
exterior contacts and two interior ones. 

Attempts have been made to prove by the form of the horns of the 
luminous creaceot the existence of a lunar atmosphere. Most observers 
have seen nothing. Nevertheless, the eclipse of the 18th of Julj 1860, 
furnished a curious fact on this point : one of the horns of the eolar cres- 
cent appeared rounded and truncated. 
At the oth^ extremity a contraction 
was remarked, which was followed by 
the separation of a luminous point, and 
of a truncation identical with the first 
To M. LauBsedat we owe the com- 
mnoicalion of the photographic neg- 
ative obtained by him : the drawing 
(fig. 69) is an exact reproduction. 

[The phenomenon observed would 
appear to be somewhat similar to the 
peculiar notched appearance sometimes i 
presented, called "Baily's Beads." „„_,,„„ , ,.. „ 

Jl, ^r' ^ . , , , Pig. »».— Total EcIIdh of the 8ud of tha 

Fhese, however, are considered by lath Jnt; leec. Roonded ud tnuiwted 
Mr. De La Rue to arise from atmo- ^IJJ^'ji""" of th, soux c™™i. 
spheric disturbance. This and the 

irregularity of the Moon's limb are, doubtless, sufficient to account for 
the singular appearance]. 

Some minutes before and after, but especially during the totality, a 
luminous appearance in the form of a halo surrounds the Sun, and throws 
in every direction rays of light, separated by dark spaces. In many 
total eclipses, independently of the regular corona, other light portions, 
the rays of which have directions more or less excentric, have been 
remarked irregularly situated on its contour. Plate X. shows in detail 
the coronas of several total eclipses. The colour of the corona, which 
immediately surrounds the dark disk is sometimes of a pearly or silvery 
whit«, sometimes yellowish, and even red. 

The explanation generally given of this corona is, that it indicates 
the existence of a solar atmosphere, enveloping the radiant body to an 
enormous distance.* 

We now come to a phenomenon of great interest, which was noticed 

■ [Thu, hovever, has been ■mc« diiproved, u mentioned in tbe chapter on the 
Sun, bj the spectroscopic ohserTationB made by Lockyer, Wiillner, and others on the 
■olar prominenoes and chiomoaphere. — K. A. P.] 
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for the first time in the total eclipse of 1842, and which has since been 
the object of important and minute observations. 

Prominences of various forms and of a reddish colour were visible 
throughout the contour of the Moon's limb, during the period of totality. 
Some took the form of mountain-peaks, others rose normally from the 
disk, and turned at right angles, others, again, appeared completely 
detached, as floating clouds may do. Their tint was sometimes of a 
bright red, sometimes rosy, here and there varied by greenish-blue. 
Arago regarded the latter colour as a simple effect of contrast. 

It has now been proved, beyond all question, that these protuber- 
ances belong to the Sun. If we examine with care the two drawings; 
made by Mr. Warren De La Rue, on the total eclipse of the Sun of the 
18th of July 1860, representing these remarkable phenomena at the 
beginning and at the end of the totality, this fact will appear evident. 

We have already, however, in the chapter on the Sun, had occasion 
to discuss yet more convincing and instructive evidence on these points. 

As soon as the last luminous thread of light disappeared behind the 
eastern edge of the moon, the rose-coloured prominences were seen on the 
contour of the limb, where the solar crescent had just disappeared. On 
the opposite side — the western one — they were not yet entirely visible ; 
their tops only extended beyond the obscure disk, at its upper and lower 
parts. The Moon, advancing, hid by degrees the prominences first ob- 
served, exposing to view, at the opposite side, those previously covered. 

The facts, then, occur absolutel}'^ as the hypothesis, now accepted on 
all hands, requires : namely, that the prominences do not belong to the 
lunar disk, and are not optical effects caused by its presence, but are 
absolutely part and parcel of the Sun. 

They were first supposed to be enormous mountains on the surface of 
the Sun. But the form of many of the prominences, and their occasional 
complete separation from the solar disk, soon caused this hypothesis to 
be abandoned. All the observed facts led to the conclusion that these 
immense appendages, the dimensions of which reach 25,000 and even 
50,000 miles, in height and length,* are possibly clouds, here adherent 
to a continuous stratum, which reposes on the Sun, here floating in an 
atmosphere limited by the corona. 

The intensity of the illumination of the atmosphere naturally dimin- 
ishes gradually during the entire duration of a total eclipse, from its 
commencement until the beginning of the totality, to agiun as gradually 
recover its primitive intensity. This obscurity, during the phase of 
totality is, however, very far from being complete. Thus only the 
brightest stars, and some of those of the second magnitude, are seen. 
The planets Venus and Mercury, Jupiter, Mars, and Saturn, however, 
have been likewise observed. 

* The highest prominence, in the form of a peak, measured by Mr. Warren De 
La Rue in ISdO, was 45,000 miles in vertical height above the aolar surface. 
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Terrestrial objects take by degrees a livid hue ; they are coloured 
with various tints, among which olive-green predominates. Orange, 
yellow, vinous-red, and copper tints, give to the landscape a singular 
appearance, which, joined to a very perceptible lowering of temperature, 
contributes to produce a profound impression on all animated beings. 

Arago thus describes the attitude of an entire population, awe-im- 
pressed by the magnificent and solemn spectacle offered by the total 
eclipse of the 8th of July 1842. 

''At Perpignan, people dangerously ill alone remained in their rooms. 
The population from early morning covered the terraces, the ramparts 
of the town, and the hills outside, whence they hoped to see the rising 
of the Sun. At the citadel we had under our eyes, besides the 
numerous groups of citizens on the glacis, the soldiers who were being 
reviewed in the vast court. 

'' The hour of the commencement of the eclipse approached. Nearly 
twenty thousand people, with smoked glasses in hand, examined the 
radiant globe, projected on an azure sky. Scarcely, armed with our 
poweriul telescopes, had we begun to perceive a little encroachment on 
the western border of the Sun, when an immense shout, mixed with a 
thousand different exclamations, told us that we had anticipated only 
by a few seconds the observations made with the naked eye by twenty 
thousand improvised astronomers. A lively curiosity, an emulation, a 
desire not to be beaten, seemed to have given to the unarmed sight an 
extraordinary penetration. 

" Between this moment and that which preceded the totality, we re- 
marked nothing in the behaviour of the spectators which deserves re- 
lating. But, when the Sun, reduced to a narrow thread, began to throw 
on our horizon but very feeble light, a sort of inquietude seized upon 
every one ; each felt the desire to communicate his impressions to those 
by whom he was surrounded. Hence, a dull roar like that of a distant 
sea after a tempest. The uproar became stronger in proportion as the 
solar crescent became thinner. The crescent disappeared ; at last, dark- 
ness suddenly succeeded to light, and an absolute silence marked this 
phase of the eclipse, as absolutely as the pendulum of our astronomical 
clock. The phenomenon, in its magnificence, triumphed over the petu- 
lance of youth, the careless air which some men take for a sign of 
superiority, and over the noisy indifference ordinarily assumed by 
soldiers. A profound calm also reigned in the air ; the birds ceased 
to sing. 

** After a solemn waiting of about two minutes, transports of joy — 
frenzied plaudits greeted, with the same accord, the same spontaneity, 
the reappearance of the first solar rays. . . ."* 

Animals testify, by unmistakable signs and movements, the effect 
which eclipse-phenomena produce upon them. Vegetation even is not 

* AnntMire du Bureau dea Longitudes, 1846, pp. 308-5. 
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altogether unaffected. In 1842 the leaves of certain plants were shut. 
During the eclipse of July 1860, M. Laussedat, who observed it in 
Algeria, relates this fact : — ** The plants showed how rapid is the action 
of light, which they receive as by a kind of diffused sense in their 
corollas ; for, in spite of the short duration of the totality, daturas, 
convolvuli, poppies, and night>shades, which had been closely shut, 
were observed to half open during the total eclipse." 

As we have seen in Book I. the observations made during total 
eclipses of the Sun are very important and interesting from a physical 
and astronomical point of view. We shall confine ourselves here to 
saying one word more on the phenomenon of the fringes of the waves, 
alternately light and dark, which sweep over the Earth, in a direction 
perpendicular to their length, and the direction of which, when carefully 
measured, has been found to be parallel to the tangent at the first point 
of interior contact. These fringes are referred by M. Faye,* to an 
effect of oblique mirage, produced by a difference of density in the 
atmospheric strata which compose the cone of the umbra. 



XIL 

ECLIPSES OF THE MOON. 

Conditioiis of PossibUity and Visibility of Eclipses of the Moon— Partial and Total 
Eclipses — ^ColooT of the Lunar Disk during the Phases of a Total Edipae— Peri- 
odicity and Calculation of Eclipses — Occultations of the Fized.Stais and Planets. 

Like the eclipses of the Sun, those of the Moon may be either partial 
or total ; but they are never annular, the Earth's cone of shade being 
always at the greatest distances of our satellite from us, much more 
considerable than the lunar disk itself. 

A fundamental distinction, however, between the two phenomena 
is, that while an eclipse of the Sun is visible in a part only of that 
terrestrial hemisphere which has that body above the horizon, an 
eclipse of the Moon is visible from every part of the Earth where she 

* This interesting phenomenon was observed with minute care by MM. Lausaedat 
and Mannheim, members of the Commission sent by the Polytechnic School to Batna 
(Algeria), in July 1860. They furnish us with the first exact measures of the direc- 
tion and rapidity of these phenomena. The following year (during the ecHiMse of 1861) 
a French officer, M. Poulin, repeated the measures, according to the indications of 
M. Mannheim. The Monthly Notices of the Royal Astronomieal Society of Lomdon, 
mentioninff in 1862 this last observation, have omitted (we know not why) te refer to 
the original observation published in detail in the Comptes JRendus de VAcatUmie dee 
Sciences de Parte, and in the Annalee de Physique et de Chimie, in the year 1860. 
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has not set ThiB is not all : it is only Boccessivelf that an eclipM of 
the Sun is observed at different stations, in proportion as the umbra 
and penumbra of the Moon traverse the surface of our globe, hut, on 
the contrarj^, the obscuration of the lunar disk begins and terminates 
everywhere, not at tiie same hour, because the hour varies according to 



FJC. TD.—F&th of Uh Kood In tha Evth* cone at ihidL Total EoUpw. 

the longitude of the place of observation, but at the same physical 
instant 

The reader has already understood the reason of this essential differ- 
ence. In the solar eclipse, the surface of the radiant body is not really 
darkened, but only hidden by the obscure disk of the Moon, SO that the 
interposition is an effect of perspective, varying according to the reE[>ec- 
tive positions of the observer, of the Moon, and of the Sun. The lunar 
eclipse ia, on the contrary, produced by a real fading of the Moon's light, 
and the darkness consequent upon it is observed at the same instant 
everywhere where the Moon is in view. 

The two diagrams, figs. 70, 71, show under what conditions an 
eclipse of the moon is partial or total. When the Moon, in opposition, 
traverses the cone of shadow thrown by the Earth, at its thickest part, 
the eclipse is total and central, and its duration the greatest possible. 
The eclipse may, however, be stO! total, without being central, when die 
orbit of the Moon traverses a sufficient breadth of the cone. But if the 
Moon's node is too far from the centre of the cone, its disk, penetrat- 
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ing the umbra only id part, wiU only be incompletely darkened — the 
ecUpM will be partial* 

At the conunencement of a total eclipse of the Moon, there is first 
noticed a marked dimination of the brightness of the disk ; this is due to 
the Mood's entering the penumbra. Then, suddenly, a email patch of 
darkness is seen, which by degrees invades the luminous parts of the 
disk, but the outline of the portion thus eaten out is far from being as 
sharp as that observed in solar eclipses. The fonn is circular, but the 
curvature is less decided, a fact easily imagined, and confirmed by calcu- 
lation, the diameter of the Earth's shadow being nearly three times as 
great as that of the Moon itself.t 

The colour of the shadow is at first a greyish black, which permits 
us to see nothing of the part eclipsed ; but, as the shadow gidns on the 
lunar disk, a reddish tint makes its appearance, and the details of the 
principal spob become visible. Between the luminous crescent and the 
ruddy centre of the shadow is observed a band of greyish blue. 



Fig. n,— PiUi of the Uoimlo the Eutb'i cone oT abide. Partial EcllpM. 

From the time of totality the red becomes more intense, and is soon 

* [There are occuions also when the Moon passes partially within the Earth's 
p*noinlji», without reaching the umbra. Tliese eclipBea are not noted in the NatUU 
ctd Almatwic, but the theory of eclipaea on hanllj be regarded u complete without a 
coaaideration of them. An eclipse of thii sort took place in September 186S. I have 
proposed that they should be called penumbra! lunar eclipses, — R. A. P.] 

T The mean diameter of the Earth's sLudow at the distance at which eclipsea 
occur, is about 82', whilst the lunar diameter is only 31'. 
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spread over the whole of the disk. According to Beer and Madler the 
bluish tint is of a dark grey when compared with that part of the Moon 
illuminated by the Sun; it seems blue/ and clearer than the red, if^ 
compared with the latter. 

Some minutes before the reappearance of the light on the opposite 
side of the disk, the bluish tint slightly colours that side also, and the 
phases of the eclipse are reproduced in an inverse order, until the entire 
emersion of the Moon. 

The Moon, therefore, does not always completely disappear in total 
eclipses. The cause of this fact lies in the refraction of the solar rays in 
traversing the lower strata of the Earth's atmosphere ; they are diverted 
and purple our Moon with the tints of sunset. 

It sometimes happens, however, that the Moon becomes quite invisible 
during a total eclipse ; as examples of this we may quote itxe eclipses of 
1642 and 1816. At other times, the visibility, without being absolutely 
nil, is very indistinct ; we find the explanation of these circumstances 
in the state of our atmosphere at the time on the peripheiy of our Earth 
which comprises the places where the Sun is rising and setting at the 
moment of the ecUpse. 

Another phenomenon, which happens however very rarely, appears 
contradictoiy to the geometric and astronomical theory of ecUpses. We 
refer to the simultaneous presence of the Sun and Moon during the 
phenomenon. The first of these bodies setting at the moment when the 
other rises, it would seem that the Moon, the Earth, and the Sun, are no 
longer in a straight line. This appearance again is owing to refraction. 
The Sun, actually abeady below the horizon, is raised up by refraction, 
and remains visible to us. The same thing happens to the Moon, which 
is not yet really risen, although we see it The eclipses of 1666, 1668, 
and the 19th of July 1750, may be quoted as having presented this 
singular circumstance. 

We must now bring our notices of eclipses to a conclusion, by saying 
a word on their periodicity. 

About every eighteen years, the Earth, Moon, and Sun, again occupy 
the same relative positions. This is a fact which the ancients proved 
by observation long before the theoiy of the celestial movements had 
demonstrated its near approach to the truth. If, then, we start from 
the epoch of an eclipse of the Sun or Moon, that is to say, from a lunar 
opposition or conjunction coinciding with one of the nodes of the Moon, 
after eighteen years the three bodies will again be found in a situation 
nearly identical Hence, the eclipses which succeed one another in the 
first period follow again and iu the same order during the second period. 

This is the principal point of departure in the calculation of eclipses; 
but the approximation is too rough for modem astronomers to content 
themselves with, and nowadays eclipses are foretold for many years in 
advance, true to a second of time. 
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The Moon, in traversing its orbit round the Earth, produces fi&m 
another kind of eclipse, to which the name of occtdtaHon has been ^ven. 

We say that a planet or a star is occulted when it passes behind tne 
lunar disk We have spoken of these phenomena with reference to the 
question of the existence of an atmosphere on the surface of the Moon. 

Let us add that the occultotions of stars are calculated hke eclipses, 
and that, as they are frequent, they have been made of use to our navi- 
gators. The Moon being very near the Earth, compared with the dis- 
tance of the stars and even of the planets, it follows that two ow^rvers, 
placed in two different parts of the globe, do not see it projected at the 
same instant on the same part of the heavens. The occultotion of a star, 
therefore, does not take place to them at the same instant of tmie. 

The starry heavens resemble, from this point of view, an universal 
dial, of which the Moon is the minute hand, marking the time at once 
in all parts of the Earth. Thanks to the tables calculated by astronomCTS, 
these various hours can be converted the one into the other ; and the 
traveller in the desert, as well as he who traverses the ocean, is thus 
enabled to arrive at his position and to determine his route. 



XIII. 

THE METEORIC RINGS. 

Shooting or PaUing Stoi»—'*Btar-8howera"— Their Numbers— Radiant Points— Recent 
Discoyeries respecting the Position, Form, and Inclination of the Meteoric Rings — 
Heights, Velocities, and Weights of Shooting Stars— Luminous Meteors (Bolides), 
their Telescopic Appearance— Meteorites ; Professor Maskelyne's Classification ; Btr. 
Sorby's Microscopic Bxamination of them, and its Results— Remarkable Meteorites. 

Every one is familiar with shooting or falling stars. We have all seen 
their luminous trains furrowing the heavens during the night, like so 
many brilliant points suddenly detached from the celestial vault Are 
these appearances, now rare and isolated, now numerous and periodical, 
due to meteors of atmospheric origin, or must they be considered as 
manifesting the existence of bodies situated in the extra-terrestrial 
regions 1 The place which our description of these phenomena of a 
solar system occupies shows pretty clearly that it is to this last conclu- 
sion that science has definitely come. 

The number of shooting stars is very variable according to the time 
of the year ; hence the distinction between sporadic meteors and the 
showers of shooting stars which appear in the nocturnal sky in large 
numbers, and generally periodically. During ordinary nighte, the mean 
number of shooting stars observed in an interval of an hour is fix>m four 
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to fiye, according to some observers ; it is as high as eight according 
to others.* 

Bat at two periods of the year, about the 10th of August and the 
1 1th of November, these phenomena are much more numerous, and the 
number of shooting stars observed in one hour is often more than ten- 
fold that seen on ordinary nights. Let us quote, for the month of 
August, the observations of Gapocci and Nobile, who, in four hours, 
counted at Naples 1000 shooting stars (10th of August 1839), and those 
of M. Walferdin, who in an hour observed 316 (at Bourbonne-Ie-Bains, 
in the night of the 8th-9th of August 1836). It is to this phenomenon 
that popular tradition formerly gave the name of " St Lawrence's tears," 
the luminous trains being nothing else, to the naive populations of 
Catholic L^land, than the burning tears of the martyr whose feast falls 
on the 10th of August 

The month of November has furnished still more extraordinary facts, 
and the appearances of the 12th of November 1799, and of the night 
of the 12th- 13th of November 1833, are well worthy of mention. 
Humboldt and Bonpland, who were at Gumana on the first of these 
dates, relate that between the hours of two and five in the morning, the 
sky was covered with innumerable luminous trains, which incessantly 
traversed the celestial vault from north to south, presenting the appear- 
ance of fireworks let off at an enormous height ; large meteors, having 
sometimes an apparent diameter of one and a half times that of the 
Moon, blending their trains with the long, luminous, and phosphorescent 
paths of the shooting stars. In Brazil, Labrador, Greenland, Germany, 
and French Guyana, the same phenomena were observed. 

The showers of the 12th-13th of November 1833, were not less 
extraordinary. " The meteors were observed," says Arago,t " along the 
eastern coast of America, from the Gulf of Mexico as far as Halifax, from 
nine o'clock in the evening till sunrise, and even, in some places, in full 
day, at eight o'clock in the morning. They were so numerous, and 
were visible in so many regions of the sky at once, that in trying to 
count them one could only hope to arrive at a very rough approximation. 
An observer (Olmsted) at Boston compared them at the moment of 
maximum to half the number of flakes which are seen in the air during 
an ordinary fall of snow. When the brilliancy of the display was con- 
siderably reduced, he counted 650 in 15 minutes, though he confined 
his observations to a zone which was not a tenth of the visible horizon. 
According to him, this number was but two-thirds of the total ; thus he 
estimates the number at 866, and in all the visible hemisphere, 8660. 
This last value would give during each hour 34,640 shooting stars. 

* This hourly mean is from five to six, according to Olbera ; from four to five, 
according to Dr. J. Schmidt ; five to seven is given by M. Coulvier-Gravier, and 
Saigey ; and, lastly, ei^ht by M. Qu^telet. 

T Atlronomie PoptUaire, voL iv. p. 810. 
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Now, the phenomenon lasted more than seven honrs, and therefore the 
number seen at Boston exceeded 240,000 ; and yet it must not be 
forgotten that the bases of this calculation were obtained at a moment 
when the display was already notably on the decline. 

[Mr. Newton, an American astronomer, who has given much atten- 
tion to this subject, finds that the average number of meteors which 
traverse the atmosphere daily, and which are large enough to be visible 
to the naked eye on a dark clear nighty is no less than 7,500,000 ; 
and applying the same reasoning to telescopic meteors, their numbers 
will have to be increased to 400,000,000 ! If allowance be made for 
the space occupied by the Earth's atmosphere, we find that, in the mean, 
in each volume as large as the Earth, of the space which the Earth tra- 
verses in its orbit about the Sun, there are as many as 13,000 small 
bodies, each body such as would furnish a shooting star visible under 
favourable circumstances to the naked eye. If telescopic meteors be 
counted, this number should be increased at least forty-fold.] 

Several less important periods have been recognised at other times 
of the year, but they have not the same regularity as those of August 
and November. 

These last-mentioned periods also present a rise and fall in the hourly 
number of shooting stars observed. From a maximum of 110 stars, in 
August 1848, the number was reduced to 40 in 1858, and since then the 
numbers in the same month have regained their upward marcL The 
November shower, of old so remarkable, is now reduced to the point of 
being less remarkable than that observed at night towards the end of 
October. Since 1862, however, this shower is again increasing in 
numbers, [and in 1866, 1867, and 1868, it has afforded very remark- 
able displays.] 

Most frequently the paths described by shooting stars have the 
appearance of straight lines. The luminous trains left in the heavens 
by their rapid movement, enable us easily to verify this fact But there 
are exceptions, and stars of this kind have been seen to describe, before 
disappearing, strangely curved paths. 

llieir brilliancy is also very variable: some have surpassed in 
apparent size the most brilliant fixed stars, and even Venus and Jupiter, 
"nie colour likewise varie& 

On observing a given number of shooting stars, it has been found 
that about two-thirds are white; while yellow, reddish yellow, and 
green, characterise the remainder. 

We now come to a fact of great importance, which has thrown much 
light on the origin of these meteoric showers, and revealed their cosmical 
nature. In observing the direction of the trajectories on the celestial 
vault, it has been noticed that the greatest number of those observed 
at any one time are emitted from the same part of the heavens, called 
the radiant point, because from it they radiate in all directions. 

The star Mu in the constellation of the Lion (ji Leonis) is the point 
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of tbe November abowers, whilst Gamma in Peneos (y Penei) is the 
radiant point of the stars observed in the month of August. No less 
ihan 66 radiant points have been shoirn to exist in different Beasona 
of the year. 

We must infer &om these facts, that shooting stars are luminooa 
bodies, the movement of which is independent of the rotation of ^e 
Earth, and that they are external to our atmosphere. This conclusion 
ia singolarly corroborated by tbie other fact, that the radiant points in 
the Idon and Perseus are precisely those towards which our globe is 
travailing, in its annual movement round the Sun, at the two epochs of 
November and August 

Astronomers have therefore concluded that the appearance; of 
shooting stars ia caused by the Earth's passage through rings composed 



Fig. 71.— Ridlint PolDt of Shootlnf BUn. RA. M*. V. Deri. 37*. 
BadUnt Pidnt or HMwn obHnsd tt HiwUiant, Hot. U. (Hi. Aluandu HenoheL) 

of myriads of these bodies circulating, like the larger planets, round the 
Sun, and the parallel movements of which, seen from the Earth, seem 
to radiate towards that part of the heavens approached by our Earth, 
l^e appearance required by this theory b exactly that which is repre- 
sented to ua. 

At first it was a question whether there existed one ring, the various 
T^ons of which, sometimes richer, sometimes poorer in cosmical matter, 
could give rise to the varying phenomena observed. Or whether we 
ahould admit the existence of many separate rings, successively tr&- 
versed by the Earth. 

Eig. 73 shows how (it was once supposed) the periodical appearances 
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ci1>.9crved tri-secuUr recnrrencee of maximum dlBplftj^B. But the place 
wliere the November meteors crow the Earth's orbit is alowly shifling, 
owing to planetary perturbations, and this fact enabled Profesaor Adams 
tu test the various orbits assigned to the meteor system. He found that 
orbits of short period would not account for the observed displacement of 
tiie nodes of the meteor-system. He was led accordingly to try the period 
of 33^ years. After overcoming the great difficulties resulting &om the 
very excentric character of the corresponding orbit, he found ihut this 
widely extended path, by which the meteors are carried beyond the orbit of 
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Uranus, and subjected to the perturbations of the giant planets outside the 
zone of asteroids, accounts perfectly for the observed motion of the node. 
It was demonstrated, therefore, that the November meteors revolve 
in a period of about 33-^ years, and in an orbit resembling the excen- 
trie cometary orbits. Schiaparelli's discovery respecting the August 
meteors now natnrally attracted fresh attention. The question was 
asked, whether a comet could be found whose orbit should correspond 
vrith that of the November meteors. After searching among all the 
more noted comets, astronomers examined telescopic ones. At length 
they found a small comet (Tempel's), only discovered a few months hefore, 
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whose path agreed in the most remarkable manner with the orbit of 
the meteors. Peters, Leyerrier, Adams, and other astronomers, helped 
to demonstrate the identity of the two orbits, respecting whidi there 
is now no shadow of doubt. 

This comet too, it fortunately chances, is one of three which have 
been subjected to spectroscopic analysis by Mr. Haggins, with results 
which are described farther on. 

Now that we know that the meteor-systems encountered by the 
Earth travel in orbits of great extent, excentricity, and inclination, we 
have every reason for believing (or rather it must be held to be demon- 
strated) that the total number of meteor-systems within the solar domain 
is practically infinite ; for only on this supposition can it be accounted 
for that the Earth encounters so many of these systems. — R. A. P.] 

The heights of a great number of shooting stars at the moment of 
their appearance and disappearances have been determined. 

''Shooting stars," says Humboldt,* "descend nearly to the summits of 
Chimboraco and of Aconcagua, at 8750 yards above the level of the sea." 

[Much attention has lately been given in England, America, and 
Italy, to this subject Mr. Herschel, who is to England what Mr. 
Newton is to America, has recently collated the observations undertaken 
to determine the heights of meteors. It appears that the heights of 
shooting stars at Borne are sensibly the same as in those latitudes of 
Northern Europe and America where they have chiefly been observed ; 
and this height^ as determined from the most trustworthy observations 
since 1798, may be stated to be respectively 73 and 53 miles, at first 
appearance and disappearance above the surface of the Earth, with a 
probable error of not more than two or three miles.] 

The height of a shooting star, at the two extremities of its path, 
and the time of its flight, are elements which enable us to determine 
the mean velocity of the body. This velocity often exceeds the velocity 
of the translation of the Earth, which is nearly 18 miles a second. 
Meteors have been observed which have traversed space with the 
enormous rapidity of 43 miles, and others 50, and even 100 miles a 
second ; that is, from two to five times the velocity of the Earth. 

[The average velocity of shooting stars, however, in 66 instances 
observed by Mr. Herschel, is 34*4, or in round numbers 35 miles per 
second.] 

The tremendous velocity with which these meteors traverse the 
celestial spaces enables us readily to understand their incandescence 
when they enter our atmosphere ; composed of easily inflammable 
matter, like some sulphurous metallic combinations, the intensity of the 
friction which they undergo in the upper strata of our atmosphere results 
in a very great rise of temperature, sufficient to produce incandescence. 

[Mr. Herschel has roughly estimated, according to the dynamical 

* Cotmoa, ToL iii. p. 616. 
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theory of heat, the weight of twenty shooting stars, and found it to be 
on an average a little more than two ounces. A similar estimate of 
the largest meteor observed in 1863 gave two hundredweight] 

Differences of chemical composition and of degrees of incandescence 
also account for the diversity of colours which are observed. 

In the immense number of meteors which invade the regions of 
the air in a year, there are some perhaps that only pass through its 
domain and continue their path in space, after having presented us 
with the spectacle of a transient illumination. A great number, on 
the other hand, not only do not again leave our atmosphere, being 
vaporised therein, but» when of large size, attain the very surface of 
the EartL Falls of stones, ferruginous masses, and dust, from the 
upper regions of the air, are proofs of this assertion. 

From shooting stars to meteors, or bolides^ the transition in our 
narrative is easy ; the difference between these two orders of pheno- 
mena is not very strongly marked. 




Fig. 74.— Appeannc« of a Meteor in a Telescope. (Schmidt.) 

Bolides are luminous bodies of circular, or rather of spherical form, 
and of sensible apparent diameter. Like shooting stars, they appear 
suddenly, but generally they move more slowly, and disappear after 
some seconds. Their light is ordinarily less vivid, but their much more 
considerable apparent dmiensions are sufficient to compensate this differ- 
ence of intensity. The illumination of the landscape by the presence of 
a meteor sometimes approaches that of moonlight Most of them leave 
behind a luminous train ; others explode with violence, and sometimes 
the explosion is accompanied with reports like discharges of artillery. 

The appearance of meteors is more rare than that of shooting stars, 
the total number of observations recorded amounting at most to a 
thousand, reckoning those recorded by the ancients. 

A curious circumstance, and one which helps to prove the relation- 
ahip between the shooting stars and meteors, is the fact that the ap- 
X>earances of meteors are more frequent in August and November than 
at other epochs of the year; and the total number from July to 
December exceeds also that observed from December to July. 

[One of the most curious observations of a meteor which have been 
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recorded, leaving that of 1783 out of the question, was recently made 
by Dr. Schmidt, who was fortunate enough to observe a large meteor 
in a telescope, under a magnifying power of eight times. The fire- 
ball was twin, and was followed by several smaller ones, following 
side by side with parallel motions of translation until all were extin- 
guished (fig. 74). This observation lends force to the supposition that 
meteors exist in space as a crowd of bodies, revolving round each 
other, before they enter our atmosphere.] 

The heights of meteors from the surface of the Earth are often very 
considerable; they vary between 7 and 310 miles. It must then be 
held, as remarked by Arago, that the sudden incandescence of meteors is 
produced in regions where it was formerly supposed that the strata of 
the terrestrial atmosphere were so rarefied that all action of its elements 
on the matter of the shooting stars would be regarded as impossible. 

It has been suggested, not without some probability, that the at- 
traction of the Earth is susceptible of retaining meteors in the state of 
permanent satellites ; and astronomical treatises quote the calculations 
of a French astronomer, M. Petit, of Toulouse, who assigns to one of 
these bodies a revolution round our globe, the period of which would 
be three hours and twenty minutes. The distance of this singular 
companion of our Moon is 5000 miles from the surface of our EartL 

We are here brought naturally to say a word of the falls of 
meteorites — ^stony and ferruginous masses, which, leaving the inter- 
planetary spaces, have at various times astonished our populations by 
their unexpected falL 

[Professor Maskelyne has recently made a convenient classification 
of meteorites into "Aerolites or Meteoric Stones/* " Aerosiderites or 
Meteoric Iron;" and *^ Aerosiderolites," which includes the intervening 
varieties. 

Thinking that, unlike all terrestrial rocks, meteorites are probably 
portions of cosmical matter, which has not been acted upon by water or 
volcanic heat, Mr. Sorby was led to study their microscopical structure. 
He has thus been able to ascertain that the material was at one time 
certainly in a state of fusion ; and that the most remote condition, of 
which we have positive evidence, was that of small, detached, melted 
globules, the formation of which cannot be explained in a satisfactory 
manner, except by supposing that their constituents were originally in 
the state of vapour, as they now exist in the atmosphere of the Sun ; 
and, on the temperature becoming lower, condensed into these " ultimate 
cosmical particles." These afterwards collected together into laiger 
masses, which have been variously changed by subsequent metamorphic 
action, and broken up by repeated mutual impact, and often again col- 
lected together and solidified. The meteoric irons are probably those 
portions of the metallic constituents which were separated from the rest 
by fusion when the metamorphism was carried to that extreme points 
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Though at present he looks upon it as a mere hj^thesis, he ventures 
to auggeet that there is a similar relation between these ultimate cosmical 
globules and planets that there is between the minute drops of water 
in the clouds, and an ocean ; and that the study of the microscopical 
Btrocture of meteorites reveals to ua the physical history of the solar 
^atem at the most remote period of which tre have any evidence.] 
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It ia now universally admitted that there is an iatimate relation 
between the phenomena of shooting stars, meteors, and meteoric falls ; 
as the falls have been in several instances known to occur after the 
appearance of a meteor. 

On the 26th of April 1803, at Aigle, Department of Ome, a few 
minutes after th« appearance of a large meteor, moving from south-east 
to north-west, which was also perceived at Alengon, Caen, and Falaise, a 
frightful explosiou,followed bydetonationa similar to the noise of cannon, 
or the roll of musketry, proceeded from a single black cloud in a very 
clear sky. A large quantity of meteorical stones, still fuming, was 
found on the surface of the ground, over an extent of country measuring 
□ot less than six miles, in the direction of its greatest length. The 
latgest of these atones weighed rather less than twenty-four pounds. 

More recently, in the evening of the 16th of May 1861, the identity 
of meteorites and meteors was evidenced by the appearance, explosion, 
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and fall of a splendid meteor, whidi wu obaerved orer a great extent 
of France. A globe of brillunt light, leaving behind it a whitish trun, 
was shattered rocket-wise into numerous fragments. A noise like the 
prolonged rambling of thnnder, followed the explosion at some minutes' 
internal, and a fall of stones which took place over about two square 
leagues enabled the extra-telluric matters of which the meteor was com- 
posed to be examined. 

Aerolites and aerosiderites of the same origin, but of much more 
considerable size, have been collected In different museums. M. Daubr6e 
has permitted us to reproduce here, in figs. 75 and 76, two of the most 
beautiful specimens of meteorites now known. The first is » block 
of pure iron, found in a plain in the department of Var, which weighs 
upwards of eleven hundredweight. It is very remarkable for ita crystal- 
line structure, visible even on its exterior, but rendered still more 
evident by a section made artificially at one of its angles. 

This is one of Uie treasures of the mineralogical galleries of the 
Natnral Histot; Museum of Paris ; where, thanks to the seal of M. 
Daubrde, the number of meteorites gathered from different points of 
the globe is increasing daily. 

Mineralogists and chemists have analysed these meteorites with 
great care, and it has been found that their composition is nearly always 



Kg. T».— l*roUt« roaml U JartnM (Anliche), U» fiCli at Jane ISil. 

the tame, whatever difference their external aspect presents. Oxygen, 
■^P'""'"' phosphorus and carbon, ailicium and aluminium, potassium, 
sodium, sulphide of iron, metalUc and magnetic iron, and other metals, 
such as nickel, cobalt, manganese, tin, copper, etc, have been recognised 
wnong the substances of which meteorites are composed. Latterly, the 
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presence of nitrogen has been detected, besides the eighteen simple 
bodies, of which the principal have just been cited. 

It is worthy of remark that all the simple bodies found in meteoric 
stones are known in our own planet The chemical combinations of 
these bodies do not differ from those with which we are acquainted, 
excepting two or three, of which one, schreiberzitey has been recently 
artificially reproduced.* 

Thus, tlumks to the phenomena which we have described — ^meteor- 
ites, meteors, and shooting stars — the planetary spaces which seemed 
for ever shut out from direct investigation, have been correlated with 
our Earth. These masses, undefiled until the time of their fall by 
living contact, relate to us the mineralogy and chemistry of a whole 
region of the sky. By combining the indications which they ftimish 
with the marvellous revelations of spectrum analysis, man is beginning 
to obtain precise notions on the composition of the most distant 
celestial bodies ; and he will thus expand those ideas which the laws 
of attraction, of Ught, and of heat, have already enabled him to hold on 
their physical constitution. 

XIV. 

MARS. 

Movement of Man round the Sun — Mara, in Opposition ; Conditions necessary for a 
faYonrable Opposition — Bright and Dark Spots — Effects of the Transit of Clouds — 
Colour of the Planet's Disk ; Why Man is sometimes Bed — Polar Snows — Melting 
of the Polar Snows — Rotation — Seasons and Climate. 

In pursuing our exploration of the solar world, we meet with Mars after 
the Earth ; it is the next planet in the order of distance from the Sun, 
and therefore the first, the orbit of which encircles that of the Earth, 
or of those bodies which are called by astronomers Exterior or Superior 
Planets. 

At successive [average] intervals of two years, one month, and 
nineteen days, its movement of revolution brings it in opposition with 
the Sun; that is to say, in a line passing respectively through the 
centres of the Sun, Earth, and the planet Mars is then comparatively 
very near to us, and in an extremely favourable situation for observa- 
tions of its disk ; indeed, excepting the Moon, there is no planetary 
body, the physical constitution of which has been better studied. 

Mars appears to the naked eye as the reddest star in the heavens,f 
but its brightness varies considerably, on account of the variability of its 
distance from the Earth. Occasionally its light scintillates, but most 
frequently this does not happen : and it is thus, like all other planets, 
distinguished from the stars of the same apparent magnitude. 

* By MM. Faye and H. Beville. t Beer, Madler, and Aiago. 
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If, instead of observing with the naked eye, a telescope of sufficient 
magnifying power is used, the scintillation entirely disappears, the 
luminous point takes the form of a clearly defined disk, and the degree 
of intensity of the red colour diminishes and passes to a general tint 
of a yellowish red. 

As is the case with Venus and Mercury, the light which Mars emits 
is borrowed from the Sun ; but it is more difficult to prove this fact, 
common to all the bodies which revolve round the central fire abso- 
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Fig. 77.— Orbit ftnd Phases of Man. 

lutely, because the phases of its disk are extremely small. They exist, 
however. It is easy to account for this difference, which we shall find 
more decided still in the planets farthest from the Sun. 

When Mars and the Earth are brought, by their movements of 
translation round the Sun, into a straight line with it (see fig. 77), but 
in such a manner that we are placed between the Sun and the planet, 
Mars is presented to us under the form of a completely illuminated 
disk. It presents the same appearance when it is on Uie other side 
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of the Snn. la the intermediate poaitiosB, there is but little peccep- 
tiUe change in the appearance to that presented at conjunction or 
opposition.' At certain distances, however, from these two extreme 
positioDS.'t' Mars presents to us a slight portion of its dark hemisphere, 
alUiongh the luminous part is always hy far the larger. 

Hie aspect of Mars at this time caused Sir J. Harschel to apf^f the 
term gibbmis. The apparent form of the planet then is tJiat of the Moon 
two or three days b^ore or after full. 



Fig. IS. — AppAimt dlmenAioru of Mua *t ICn mun and eitremfl dlituceA fn>in Ihfl Buth. 

However slight this phase, it suffices to prove, as we hare before said, 
that Mars is not self-luminous, and we shall see that it is thus with all 
the other planets. 

If we consider the orbit which Mars describes round the Sun, we 
shall readily see how it is that this planet is most favourablj situated 
for obeerrations of the physical particiilaritieB of its surface. 

The two inferior planets, Mercury and Tenus, oscillating at small dis- 
tances round the Sun, are often hid La its rays; besides, during their 
periods of visibility, they show us a considerable portion of their dark 
sides. It is not tJius with Mars, which is only lost once in a revolution 
in the solar rays, and is almost without phases. We have before said 
that when a superior planet is in opposition with the Sun, its distance 
from the Earth is least. At this epoch, indeed, this distance is measured 
hy the difference between the distances of the planet and the Earth from 
the Snn. 

Let us look into this statement a little closer with regard to Mars. 

Like all planets. Mars describes an orbit which is not circular, so 

that its distuice from the focus of the system varies continually. At its 

* Let na remind the reader that & pknet is in QmjuneUan when it is on the Bun« 

line M the Boa, between it and the Earth. It ii in OjipotilUin when on the letne 

line SB the Son, bnt on the oppouta tide of the Earth to the Sun. 

t At the qiiadratvrti, or ia the position in which lines drawn to the Earth and 
Snn form the greateit poaiihie angle. 
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greatest diatance from tJie Sun, Mara u 3,304,000 miles removed ; at 
itsminimum distance, 126,318,000; its mean distance being 139,31 1,000 
miles. Thus the difference in the distance from the Sun at perihelion 
and aphelion amounts to 26,000,000 miles. These numbers indicate an 
orbit of considerable ellipticity. 

From this follow also enonnous differences in the distance of Mare 
from the Earth ; in their various relatiTe positions ; whilst the planet 
is sometimes distant fronL us 213,000,000 miles, in its most favourable 
opposition it is not more than 34,000,000 miles away &om us — a dis- 
tance seven times less than the first. 

It will not be astonishing then, in glancing at figure 78, to find such 
great differences between the apparent dimensions of the disk of Mars, 
seen firom the Earth at its extreme and mean distances. 

[The actual minimum distance of Mars does not occur when Mars is 
in opposition in perihelion, because the Earth's orbit is excentric and the 
aphelion does not coincide in direction with the perihelion of the orbit of 
Mars. The heliocentric longitude of this perihelion is 333}; and if Mars 
were in opposition then his distance from the Earth would be represented 
by '37 16, when the Earth's mean distance is represented by unity. Mars 
in opposition, in longitude 328° or thereabouts, has a mean distance of 
■3709, and his apparent diameter is then almost exactly 30'. — R A. P.] 
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Mars traverses its orbit with varying velocities. Its mean rate of 
motion ia about 16 miles a second. 

The apparent diameter of Mars is less than that of Venus ; this ia 
due. to two causes ; firstly, Venus approaches nearer the Earth, and, 
secondly, the diameter of tliat planet is lai^er in reality than tiiat of 
Mars ; it exceeds it by about three-fourths. The diameter of Mars is 
4363 miles, that is, a little more than half that of the Earth, which is 
nearly 8000 miles. 
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Lastly, whilst the surfaoe of Mars is scarcely more than a quarter of 
the Earth's surface, its yolume scarcely exceeds the seventh part Never- 
theless, it is more than double that of Mercury, and about seven times 
that of the Moon. The mass of Mars is about one-tenth of the EartL 

We now arrive at a subject of extreme interest — ^the physical con- 
stitution of the planet 

To observe Mars, we must choose the most favourable epoch — ^that 
of opposition ; and, if possible, of an opposition when the planet, as we 
have before explained, is at its greatest possible proximity to the Earth. 
We must also furnish ourselves with a powerful telescope, one, if 
possible, driven by dodcwork, so that it exactly keeps pace with the 
planet in its westward course. 

^ Let us torn our iniitrament on (he reddish Immnou. point of Ught, 
on a dear night, when the air is calm and charged with moisture, and 
the height of the planet above the horizon is ^e greatest possible, so 
that we shall have the least possible thickness of atmosphere to penetrate. 
It will be then nearly midnight, since it is towards that hour that all 
planets culminate — ^that is to say, pass the meridian — ^at opposition. 

The disk of the planet will appear of a nearly circular form, perfectly 
well defined, and overspread with light and dark spots, which differ 
considerably in tone and colour — tone especially. The brighter 
portions, excepting in twa points nearly diametrically opposed, are 
sometimes of a reddish tint, whilst the dark spots, as some hold, by the 
effect of contrast, as others hold, absolutely, seem of a blue or greenish 
grey. Throughout its circumference the disk is more luminous than the 
central part ; the dark spots also are effaced and disappear at the limb. 

Lastly, at two points, of which mention has been before made, which 
are not situated at the extremities of a diameter, two spots of unequal 
extent and of extreme whiteness, which contrasts with the reddish parts, 
shine with a very particular brightnes&* These two spots mark near 
the poles of Mars. 

All the appearances on the surface of the planet may be divided into 
permanent and variable ones. The permanence of the features, that is 
to say, the constancy of their principal shapes, and of their relative 
situations, has been proved by numerous and minute observations — a 
matter more difficult than might be imagined at a first examination. 
Lideed, as the observation of the spots shows, the planet has a move- 
ment of rotation effected in about 24^ hours. Hence it follows that in 

* "The oolonr of the polar spots" (we quote Beer and Madler) ''were, every 
time the planet was distinctly seen, alwavs of a bright and pore white, in no way 
similar to the colonr of the other parts of the planet. In 1837 it happened once that 
Mars^ daring the observations, was completely obscnred by a cloud, with the excep- 
tion of the polar spot, which remained distinctly visible to the view." — FragmenU twr 
Ua Corps OiUates. 

Arago estimated that the brightness of the polar spots is more than doable that 
of the other bright spots on the rage of the disk. 
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a few hours the aspect of the disk changes : of this we nuty gain an idea 
hy examining figures 80 and 81. Eeaides, when, in consequence of the 
movement of rotation, a spot approaches the edge, it disappears before 
having attained it. This disappearance is owing, donbtless, to the 
atmosphere of Mars, seen in these points onder a great obliquity, and 
the brightness of which effaces the darker tint of the spot 
^ Lastly, the orbit of Mars does not coincide with the ecliptic : the 
/ two planes form a slight angle (1° SI*). But [if to this is joined the 
'^mocb greater inclination of the axis of rotation, we shall readily see 
^vhyl at successive opposition. Mars does not present to the Earth the 
{ same portions of its surface. Hence changes produced, by perspectiTe, 
so much more decided as a spherical suriace is in question. 

The variability, often very rapid, which is observed in the form of 
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the features which overspread the disk, has suggested the opinion that 
these phenomena are owing to the interposition of cloudy masses in the 
planet's atmosphere above the general level of land and sea. Mr. 
Lockyer, who carefully followed the changing features of Mars during 
the opposition of 1662, thus writes in his Memoir* on the planet: 
"Although the complete fixity of the main features of the planet has 
been placed beyond all doubt, daily — nay, hourly — changes in the detail 
and in the tones of the different parts of the planet, both light and 
dark, occur. These changes are, I doubt not, caused by the t^nsit of 
clouds over the different features." The drawings which accompany 
this Memoir seem to fully justify this opinion. 

It is generally held that the reddish and bright spots of Man are 
* Menuiin tifVtt Soyal Ailrmuma^al Soeittj/, toL zxzii. p. 18B. 



UARa 181 

tiie aolid parts of the mrface on the costinentB, wliilst the dark bluish 
qtots form the liquid parta on the seas. Thia dlstinctioD is founded 
on the unequal reflection of the light by the land and the water. 

Whence comes the reddish colouring, which characterises the bri^t 
parta of the disk 1 If Mars were Belf-luminoaa, this tint would doabt- 
lesB be attributed to the very nature of its light ; but it only reflects to 
us the white light of the Sun ; it is evident, therefore, tJiat the colour 
b imparted by the planet or its atmosphere. Several hypothesis have 
been suggested on this subject. Some have attributed the red tint of 
the continente to the nature of the soil, composed of red sandstone. 
Others, among them Lambert, have thought that the colour of the vege- 
tation, instead of being green, as it is on our Earth, is red on Mars. 
This e:q>Ianation is not an impoaaible one ; but, if it be true, there should 



be variations in the intensity of the tint on each of the hemispheres of the 
planet corresponding to the seasons ; the tint should diminish during 
winter, to reappear in spring, and to attain its maximum in the summer. 
It has also been proposed to explain the colour of the spots by the 
refraction of the rays of tJie Sun through the atmosphere of Mars. 
Antgo has refuted this hypothesis by the simple remark, that at the 
borders of the planet the redness should be more decided tlian in the 
central portions, since the luminous rays traverse a greater thickness of 
atmosphere, and traverse it more obliquely, in the regions near the limb, 
where the contrary effect is observed. Let us add, that this hypothesis 
does not explain why the red tint is not general The niddy light of 
Mars cannot, therefore, in this manner be assimilated to our twiUght 
hues. It is probable when Mars is clouded, the light reflected by the 
clouds undergoes less absorption than that reflected by the planet itself ; 
and on one occasion the spectroscope has indicated this increased absorp- 
tion by revealing the fact that the sunli^t was reflected to us minus a 
large portion of the blue rays. 
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We moBt now occupy ourselves with the pobur snows. We have seen 
that they are distuguished from the other features by their brilliant 
white light ; they are equally distinct from the rest by reason of the 
variation in their dimensions. In proportion as the white spot on one 
of the poles diminishes, the other increases ; the minimum of both always 
corresponding with the summer, and the maximum with the winter, of 
the hemisphere in which it ia situated. Thus, during the opposition of 
1830 the southern snow-zone was seen to diminish by degrees, and its 
outline to recede till the time which corresponds, for that henusphere of 
•Mars, to the middle of the month of July on our northern hemisphere ; 
from this moment it increased again. (Beer and Madler.) In 1837 
similar diminutions were observed in the dimensions of the spot of the 
northern pole. At the same time the snowy regions of the southern 
pole had a considerable extension. Now these variations correspond 
equally to the summer season of the northern hemisphere, and to the 
winter of the southern hemisphere of Mars. 

Thus from the Earth we can watch the formation of the polar ice, 
and the fall and thaw of the snows on the surface of a neighbouring 
planet ; in a word, all the vicissitudes of heat and cold which distinguish 
the seasons of winter and spring, autumn and winter. The succession 
of these changes is now so well established, that astronomers can pre- 
dict approximately the form, relative size, and position of the northern 
and southern snow-zones. 

We have said that the two white spots are not of the same extent 
either during their respective winters or summers. The snowy cap of 
the southern hemisphere varies within much greater limits than that 
of the opposite pole : it is much more extensive during the winter season, 
and it diminishes during the summer to such an extent that it does not 
occupy more than the fifth part of the superficies of the snowy spot of 
the northern pole. This difference is easily explained by the great in- 
clination of the axis of the planet to the plane of its orbit, and by the 
fact that the southern pole ia turned towards the Sun, when Mars is 
nearly at its smallest distance frt>m the focus of light and heat The 
summer time, on the other hand, of the northern hemisphere, occurs at 
the epoch of its greatest distance. The quantities of heat received by 
the globe of Mars, at these two opposite points of its orbit, vary in the 
ratio of seven to fiva* In truth, these differences of temperature are 
partly compensated in the course of a revolution ; but the extremes of 
heat and cold are still very decided. 

We have seen that MJars presents the most curious analogies with 
the Earth ; and it is probable that to the inhabitants of Yenus our 

* At the mean distance of Man from the Sun, the disk of this last body is bat 
aVirtbs of that presented to ns, or less than half ; bat at its shortest distance, the 
Sun*s apparent diameter is about three-fourths ; the apparent surface of its disk is 
then a little more than half that which is presenrted to us. 



HARS. 183 

planet presents the same appearances tbat Mara does to us. Like the 
poles of Mars, the poles of the Earth are covered with mow and ice : it 
is also our Southern pole which is the most frost-bound, and for the 
same astronomical reasons, by the congelation of the aqueous Taponr, 
Lastly, the points of greatest cold on Mars, as on the Eu^h, do not co- 
incide exactly with the poles of rotation. This ezcentricity is very 
evident in the views of Mars given in fig, 80, 

If snow falls in Mars, it is because water is there evaporated by 
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heat ; hence, the water must spread on the surface under tiie form of 
cloads, which condense sometimes in a liquid state in the form of rain, 
sometimes as snowy crystalliBationB. Thus Mars certainly poseesses an 
atmosphere of aqueous vapour. 

But we see the permanent spots on the disk too distinctly not to 
be certain of the existence of an atmosphere analogous to our own, the 
pressure of which, by counterbalancing the expansion of the aqueous 
vapour, prevents it from usurping all the surface. We have already 
said tliat the more luminous borders of the disk allow us to infer the 
existence of a cloud-bearing atmosphere, which effaces by its brightness 
the dark spots when the rotation brings them towards the limb. 

The meteorology of Mare is, then, to a great extent, known. It 
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presentB, we repeat, the greatoBt analogies with the meteorology of onr 
EartL But at the same time notable differences distinguish them. As 
Professor Phillips has remarked, the considerable periodical exchange 
of moisture which is made between the two hemispheres, especially 
between the two poles, must give rise to hurricanes and storms, of the 
violence of which we can form no idea ; whUe the melting of the snows 
over such large areas must produce terrible periodical inundations. 

We have seen that Mars turns on itself in about 24^ hours.* Thus 
the duration of its movement of rotation exceeds that of our sidereal 
day by 41 minutes. 

Mars accomplishes an entire revolution round the sun in 687 of our 
terrestrial days. But the year of Mars only contains 669} of its own 
sidereal days ; and as the number of the. solar days — ^we have explained 
this for the Earth — is always less by one than that of the rotations, the 
year of Mars is in reality composed of 668} of its own solar days, 
whi^h gives, for the duration of one of these days, 24 hours 39 minutes 
35 seconds. 

Thus a whole day of Mars exceeds one of our days by 39 minutes 
35 seconds. The difference is not very perceptible. 

Besides, the inclination of the axis of rotation to the plane of the 
ecliptic is nearly the same as that of the axis of the £arth.t It follows 
that in the course of a year Mars presents its various regions to the 
Sun, nearly like our globe, so that the length of the days and the nights, 
in the different latitudes, is distributed in the same manner. The 
extreme zones, torrid and frigid, are a little nK)re extended, proportion- 
ally, which consequently reduces the surface of the temperate zones. 
But it must not be forgotten that this is a favourable circumstance, 
at least fo^ the tropical regions, since the solar light and heat arrive 
at the planet with an intensity much less than on our globfe. 

Between Mars and the Earth, however, there is an important distinc- 
tion, and it lies in the difference between the lengths of the Terrestrial 
and Martial seasons. In the northern hemisphere of the planet^ the 
668 days of its year are divided as follows : 

Spring lasts 191 days 8 hours. 

Summer „ 181 „ „ 

Mtumu , 149 „ 8 „ 

And Winter „ . . . . 147 „ „ 

But the summer seasons of the northern hemisphere are the winter 
seasons of the southern hemisphere, whence it follows that the spring 
and summer, taken together, last 76 days longer in the northern hemi- 
sphere than in the southern one. 

The globe of Mars is not exactly spherical : it is flattened at the 
poles, and it bulges, like our Earth, at the equator. But the measure- 
ment of this flattening presents considerable difficulties, which most of 

♦ 24li S7» 22a -62 (Kaiser) ; 24h 87™ 22i-71 (Proctor), 
t 61* 9' for Mors ; 66* SS* for the Earth. 
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the obaenrers attribute to errors of measurement induced by the irradia- 
tion caused by the polar spots. Arago, who made a series of 
measures of the two diameters with great care, concluded that the latter 
is shorter than the former by the thirtieth part of its value. Herschel, in 
1 784, found the same quantity, ^ ; whilst more recent measures appear 
to reduce it to the third of the vaJue measured by Araga M. Kaiser 
(of Leyden) gives y^ for the flattening, as measured during the opposi- 
tion of 1862. Supposing that the planet was fluid in the first instance, 
the figures which precede are too great to be in accordance with the 
laws of hydrostatics, which govern the configuration of the celestial 
bodies. But it is to be regretted that the uncertainty of the measures 
is here, perhaps, the only cause of this apparent anomaly, and we hope 
that, at the next most favourable oppositions, astronomers will arrive 
at more precise data on this point 

It remains for us, before we complete this monograph of Mars, to 
speak of its density, which is very near that of the Earth ;* of its mass, 
which is rather more than an eighth of the terrestrial mass ; and, lastly, 
of the force of gravity by which the bodies are retained on its surface. 
This last is half that which is observed on the surface of the Earth, 
whence we may conclude that the organisation of the living bodies which 
people Mars differs notably from that with which we are familiar. 

It may be seen, also, that the conditions of temperature to which these 
beings are subjected are very variable, and that the solar illumination 
varies very largely. But before we can draw from these facts positive 
conclusions, the constitution and density of the atmosphere, an element 
*80 important in the physiology of the celestial bodies, must be known. 

Mars has no satellites. Its nights are therefore completely dark, if 
indeed they are not lit up by aurorse and long lingering twilights. 

At all events, this is not a great privation, to judge by the imper- 
fect manner in which our Moon acquits itself of its function of torch- 
bearer to our Earth. 

XV. 

• THE MINOR PLANETS. 

€k>D8ifllerab1e number of Celestial Bodiee circulating round the Sun between Man and 
Jupiter^- Bode*8 Law — Gibers' Hypothesis — Interiacing of their Orbits — Some 
Details on the Principal Planets of the group, Juno^ Pallas, Ceres, and Vesta — How 
to discover a New Planet. 

The number of the known planets in the Solar System, sixty-four years 
ago, was only seven, among which was counted the large planet Uranus, 
discovered by Sir W. Herschel. At the present time this number is 
increased to 152, so that without reckoning comets and discovered 

* 0*94S, that of the Earth being 1. 
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satellites, the solar system has been increased by 146 bodies. It is tme 
that, with the exception of Neptune, which forms part of the group of 
large planets, all these bodies are of extreme smallness, and, taken sepsr 
rately, do not even equal in size the satellites of the principal planets. 

Hence they have been named Asteroids^ Minor Planets^ and Td^ 
scopic Planets. 

In spite of their smallness, they form a very interesting group, which 
gives a new appearance to the solar system, at the same time that it 
throws a fresh light on the problem of its formation and development. 
The 146 telescopic planets now known — ^the number increases every 
year — ^are all situated between Mars and Jupiter ; the orbits which they 
describe round the Sun are so near one another, and so interlaced, that 
a contemporary astronomer, M. D' Arrest, deduced from this circum- 
stance the evident proof of a common origin. 

'^ One fact," he says, " seems above all to confirm the idea of an inti- 
mate relation between all the minor planets ; it is, that if their orbits 
are figured under the form of material rings, these rings will be found 
so entangled, that it would be possible, by means of one among them 
taken at hazard, to lift up all the rest" 

At the time when these lines were written, only 14 asteroids were 
known ; since then 132 more newly discovered planets have been found 
(to September 1875) to occupy the mid-intervaL The comparison of 
D' Arrest, and the inference that he draws from it» are therefore so much 
the more strengthened. 

Before the discovery of the minor planets, astronomers, in compar- 
ing the intervals which separated the known planets from the Sun, 
noticed the relative considerable distance between the two planets, 
Jupiter and Mars. The imagination of Kepler, which led the illustrious 
disciple of Tycho into theoretical views of extreme hardiness, placed an 
undiscovered planet in the vacant space ; and this hypothesis seemed 
corroborated by a discovery made by an astronomer of the eighteentii 
century — ^Titius, who detected a singular connection, since known under 
the name of Bode's Law, between the successive distances of the planets. 

This connection was as follows. If we write down the following 
series of numbers — 

3 6 12 24 48 96 

and add 4 to each of them, we shall have another series — 

4 7 10 16 28 62 100 

Now, the terms of this series, with the exception of the fifth — 28, 
— nearly represent the relative distances of the planets known in Titios' 
very time : — 

Mercury, Venua, Earth, Mars, — Jupiter, Satam. 

After this empirical law was announced, the discovery of Uranus in 
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1781 extended the series, and it was found that the distance of the new 
planet was precisely that represented by the eighth term 196 of the 
reguUirly formed series. Hence, to conclude the existence of a planet, 
wldch should fill the blank existing between Jupiter and Mars, was 
natural. " Baron de Zach," says M. Bespiault, in his excellent monograph 
of the asteroids,* ** went so far as to publish beforehand, in the Berlin 
Almanac, the elements of the supposed planet, and he organised an 
association of astronomers to search for this body. The Zodiac was 
divided into twenty-four zones, each of which was confided to the special 
mrv^Uanee of one of the members of the Society." The discovery was 
made, but certainly not in the manner contemplated. 

In fact, on the 1st of January 1801, at Palermo, Piazzi inaugurated 
the nineteenth century by the discovery of Ceres, thus filling the gap 
indicated by Titius and Bode, of which, truth to tell, he thought very 
little. Singularly enough, however, Ceres precisely occupied the 
vacant number 28, which expressed the distance of the new planet 
from the Sun, the distance of the Earth being represented by 10. 
Fifteen months after, a second planet, Pallas, was added to the list, and 
this greatly disturbed the views of the prophets of the first discovery. 

The able astronomer, Olbers, who had discovered Pallas, then hit 
upon an ingenious theory. He considered the two new bodies were 
feigments of a planet which had been destroyed. Now, the laws of 
mechanics indicated that after such a catastrophe, whatever might be 
the cause, the fragments, in whatever directions they might be thrown, 
ought to lie at the same mean distance from the focus of their move- 
ments, the Sun ; and should pass, moreover, at each of their revolu- 
tions, through the point of space in which the catastrophe took place. 

Pallas and Ceres very nearly fulfilled those conditions, and it was 
the same with the third planet discovered, Juno, which was supposed 
to be a third fragment of the hypothetical planet 

The researches were continued under the influence of these views ; 
and lastly, Olbers himself, in 1807, discovered Vesta. But, curious 
contradiction, this discovery^ which it was expected would definitely 
consolidate an ingenious and otherwise rational theory, on the contrary, 
shook it to its foundations. The distance, and other elements of the 
orbits of Vesta, presented serious differences both with this theory and 
Bode's law ; and both have since received their coup^-grdce.'f 

* Memoirs of the Physical and Natural Sciences of Bordeaux, vol. ii. p. 171. 

t The planet Neptone, the last of the known planets of the solar system in the 
cnrder of distance, is far from satbfving the empirical formula of Titius. Its distance, 
which should be represented by the number of 388, i^j^Mre^ty^alj^QQ. Let us 
add, as noticed by others, that the first number of the senSTTIia^rlncircorresponds 
to Mercniy, is not formed in a n^ar manner. Instead of it should be 1 '6, which, 
by adding 4, would become 5*5, whilst the true distance of Mercury is 8*87. 

It seems, however, well to retain, as an aid to the memory, the series we owe to 
Titins ; it is, moreover, intimately connected with the history of Astronomy. 
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In fact, since 1845, the epoch of the discoverj of the fifth asteroid, 
the number of these bodies has rapidly increased, and we have eyexy 
reason for betieving that it will continue to do so.' 

In the actual state of discovery, the 146 small planets form a zone, 
almost entirely confined to that half of the interval between Mars and 
Jupiter nearest to Mars. One only, Maximiliana, which is consequently 
the farthest from the Sun, is found to be nearer to,* Jupiter Umn to 
Mars. The breadth of the zone is upwards of 100,000,000 miles:* 
but throughout this interval the planets are very irregularly dis- 
tributed, since 104 are situated in the half of the zone nearest Mare, 
and 28 only in the other half. It follows, from these numbers, that 
the 104 minor planets nearest the Sun are separated from each other, 
on an average, by less than 1,000,000 miles, or less than four times 
the distance of the Moon from the Earth. 

The middle of the zone is about 250,000,000 miles from the central 
body. The distance of the Earth from the Sun being represented by 
10, this last distance would be represented by 28, — ^the term of Bode's 
series, which at first pointed out the gap ; but the uneven distribution 
of the minor planets much reduces the value of this coincidence. • 

We have seen that, if averaged, the orbits of these bodies Ue near 
together. If we compare them one by one from this point of view, we 
find the real distance, in some cases, to be much smaller. But the 
distances indicating the mean separation do not apply to the planets 
themselves, first, because at a given epoch, they are found in very dif- 
ferent directions, and also because their orbits are more or less elong- 
ated, and the planes in which they move are very diversely inclined. 

The forms of the orbits are far from being circular. One of the least 
elongated of all, that of Freia, is proportionately much more elliptical 
than the orbits of the Earth, Neptune, or Venus, which are the nearest 
to the circular form among the orbits described by the bodies of our solar 
system. The most elongated is the orbit of Polyhymnia, of which the 
major axis surpasses the minor axis by one-third of its length, which 
causes between its greatest and least distances from the Sun a difference 
of 184,800,000 miles. Fig. 83 shows the form and relative size of these 
two orbits, compared with each other and with that of the Earth. 

The planes in which the telescopic planets move are very diversely 
inclined to each other. In comparing them with the plane of the 
Earth's orbit, it is found that some among them, those of Massilia'and 
Angelina, for example, nearly coincide with it; whilst the orbit of 
Pallas, as may be seen in Plate I., rises at an angle of 34^, that is to 
say, nearly -fths of a right angle, f 

* This breadth U increased to 280,000,000 miles, if we take the extreme distanees 
into account 

t These considemble inclinations have caused the name of uUra''Zodiacal planets 
to be given to the asteroids ; as a great number of them, in consequence of their 
inclination, are observed out of the zone in which the principal planets move. 
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It now remains to ns to teiminate this general sketch, by saying a 
word on the times occupied in their revolutions round the Sun. These 
periods are comprised between 1193 and 2310 mean solar days, that 
is to say, between 3 years, 3 months, and 7 days, and 6 years, 3 
months, and 28 days, which mark the length of the years of flora and 
Mazimiliana respectively. It happens, as it does also with the mean 
distances, that some of the asteroids perform their journey round the 
Sun in times almost equal. In the case of Egeria and Astrea the dif- 
ference is not more thim half a day ; for Eurydice and Clytie a quarter 
of a day ; and, lastly, Leto and Bellona accomplish their revolutions, 




t . 



FrtUL 
Fig. 88.--OrbitB of Freia and Polyhymnia, compared together, and vith that of the Earth. 

one in 1688*295 days, the other in 1688*546— that is to say, with a 
difference of about six hours and two minutes only. This is a direct 
consequence of one of the laws of Kepler, which connects the time of 
revolution and mean distances of the planets of the system. 

• We will now pass under review some of the principal bodies of this 
group, and see whether we have yet discovered any facts relating to 
their dimensions and physical constitution. 

Vesta is the most brilliant of the entire family. It is visible to the 
naked eye in a very clear sky, and its light, a palish yellow, is whiter 
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than those of the three planets discovered before it. It takes three 
years and eight months to accomplish its entire revolution round the 
Sun, at a mean distance of 216,000,000 miles. As its orbit is rela- 
tively but little elongated, there is only a difference of 36,000,000 
miles between its perihelion and aphelion. Its real diameter, measured 
by Madler, is about 300 miles, not the twenty-fifth part of the dia- 
meter of the Earth, so that the surface of our globe comprises nearly 
700 times that of Vesta. Here, then, is a planet, the entire surface of 
which contains but the ninth part of the European continent. The 
volume of the Earth is nearly 18,000 times that of Vesta. [But no 
reliance is now placed in these figures. — R, A. P.] 

Juno has the aspect of a star of the eighth magnitude, and is, con- 
sequently, invisible to the naked eye. Its colour is reddish, and its 
light is subject to variations, which are not less remarkable than the 
rapidity with which they are accomplished. This phenomenon is not 
peculiar to Juno ; it is observed in Vesta, — which sometimes becomes 
very bright — in Geres, and in many other of the minor planets. 
Several hypotheses have been suggested to explain this fact Some 
suppose that the different faces of these small bodies do not reflect the 
solar light with the same intensity ; that some are formed of crystalline 
facets, or even have a light of their own. Others believe that the 
small planets are irregularly formed, presenting to us, consequently, 
sometimes very extensive, and at others very limited, surfaces. Which- 
ever hypothesis we admit, both take for granted a rotcUion, Perhaps, 
in studying with care the periods of these variations, we may leam the 
durations of these rotatory movements. M. Goldschmidt, who ranks 
almost highest among living astronomers in this branch of research, has 
already made some interesting observations with this object in view. 

Juno recedes from the Sun, at aphelion, to a distance of 306,700,000 
miles; at perihelion it approaches within 181,000,000 mil^ ; hence, 
its mean distance is about 244,000,000, and there is a difference of 
125,700,000 miles between its extreme distances. Its orbit is £Eur 
from having a circular form. 

Madler estimated the diameter of the planet at 360 miles ; which 
is thus 22 times less than that of the Earth, and its surface is a little 
more extensive than that of Vesta. It travels over its orbit in 1592^ 
days, or in 4 terrestrial years and 4 months. 

Ceres, the 56 th of the group in the order of distance, and, as has 
been seen, the first in the order of discovery, appears as a reddish star, 
the brightness of which is intermediate between that of Juno and Vesta. 

An illustrious observer, Schroter, thought he detected in the vapor- 
ous appearance of its disk the proof of the existence of a very extensive 
atmosphere. The same seemed to hold good for Pallas, and he con- 
cluded that these two planets were surrounded with a gaseous envelope 
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of 500 miles in thickness. Since his time it has been found that these 
appearances were due to the imperfection of his telescope. 

Ceres revolves round the Sun in 1680|^ days, at a mean distance 
of 253,000,000 miles. But, at its minimum distance, it is nearer by 
40,000,000 miles than at its greatest distance. The heat and light 
received from the Sun by these bodies, the distance of which varies in 
such considerable proportions, vary also between rather wide limits. 
But as nothing is known of the physical constitution of Geres or of the 
condition of its surface, it is impossible to draw certain conclusions from 
these data relative to the actual variations in the planet's temperature. 

The diameter of Geres has been measured several times. But the 
results are not concordant : whilst it is 450 miles according to Schr5ter, 
it is only 160 according to Sir W. Herschel, and Argelander valued it at 
220. If we adopt this last number, we find that the surface of Geres 
is only the 1300th part of that of the terrestrial globe ; so that 46,000 
globes as large as the planet would be required to equal the volume of 
the Earth. 

We now pass to PaUas, which revolves round the Sun in 1683| 
days, in an orbit nearly as elongated as that of Juno, greatly inclined 
to the plane of our ecliptic, and at a mean distance of 253,000,000 miles. 
At its aphelion, Pallas is 314,000,000 miles away from the Sun, whilst 
at its least distance it is about 192,500,000. At the time of its nearest 
approach to the Earth, Pallas has the aspect of a star of the seventh 
magnitude, of a beautiful yellow colour. Its diameter has been estimated 
at 600 miles.* It is the most important of all the smaller planets, 
although its diameter is 13 times, its surface 168 times, and its volume 
2177 times, less than that of our Earth. All these numbers, it will be 
understood, are merely approximate, and we give them principally in 
order that a clear idea may be formed of the relative importance of all 
the celestial bodies of our system. Fig. 84 should make this point 
clearer stilL 

The four planets of which we have jiist given some details, are 
among the most important of the group. The smallness of nearly all 
the others is such, that it is not possible to measure their diameters ; 
as they appear in a telescope merely as luminous points. It is probable 
that the least of these microscopic bodies have diameters which do not 
reach many score miles, so that their surface is less than that of one of 
our Englidi counties. M. Lespiault, from whom this comparison is 
borrowed, adds that a good walker could easily in a day msAie a tour 
of many of these miniature worlds. 

How long shall we go on making discoveries of fresh bodies in this 
zone between Mars and Jupiter ! This is a difficult question to solve, 
but it is probable that we are now acquainted, if not with the largest 

* Lamont 
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of the mioDr plaaete, at all events with all those most eamljr visible 
&om the Earth. The discovery of others will, therefore, become more 
and more difficult, aad the extension of their number is partly snbordi- 
nato to the use of larger inBtrumente in the research, and mora detailed 
celestial maps. At all events, M. Leveirier, from mathematical con- 
siderations, has assigned to the total mass of the bodies vhicb compose 
the ring such a limit, that^ if we suppose them to possess a density equal 
to that of our own globe, those already discovered form only the x^-gj; 
part of it. This would make the number of the mmor planets about 
150,000. Bat, admitting that 
this number nay be ezcessive, 
and in redudng it to the tenth 
of its value, this swarm of 
celestial bodies will still be 
counted by thousands. 

We have heard so often 
during the last twenty years 
of the discoveries of new 
asteroids, that some of oar 
readers may be interested to 
know the way in which these 
discoveiies are made'. Let us 
begin by stating that it is not chance that presides over these researehes. 
From the discovery of Piazzi down to our own time, it is only by special 
and systematic examination that our knowledge of the Solar System 
has been increased in such an astonishing manner. 

It is not, aa we have already said, by its aspect, that a planet is 
distinguished in the midst of the starry vault from the multitude of 
luminous points which surround it; and this remark applies especially 
to these small bodies, the diameter of which is insensible. It is by its 
proper motion,— by its progressive displacement, that it is recognised. 
How, then, can this be detected t By using very detailed celestial maps, 
containing all the very small stare, and incessantly watching the regions 
mapped for the appearance of new ones. Such is the first sim qud turn 
for such a research, and the astronomer who undertakes the construction 
of celestial maps, executed with the necessary detail and precision, is 
of necessity the fellow-labourer of him who actiully discovers the planete. 
Let us add, that often these two coliaboraiears are one and the same 
person. 

It is not necessary to explore the entire sky. It is sufficient to 
examine the regions nearest the ecliptic, because, as the orbit of a planet 
must, necessarily, twice in each revolution, pass through the plane of 
the orbit of the Earth, it is enough to look out for the body at one or 
other of these nodal passages. 

Fig. 85 reproduces, on a reduced scale, one of the maps eonstructed 
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hy ft distinguiBhed observer, M. Chscomac, to whom astronomy owes, 
besides numerous observations of differtiiit kinds, the discovery of eight 
telescopic planets. 

This map includes nil stars down to the thirteenth magnitude. Fur- 
nished with a ma;) of this kind, and a telescope powerful enough to show 
ftll the stars marked on it, the observer who intends to devote himself to 
the search afler small planets Trill proceed in the following manner : — 



Fig. 85.— SoUi'llc clait, from M. Chin;om«e'« " BUr Atl**." 

He will place in the field of view of his telescope six spider lines at 
right angles to each other, and all of them the same distance apart, in 
- such a manner that several squares will be formed, embracing just as 
much of the heavens as do those shown in the map. He will then direct 
his telescope to the region of the sky be wishes to examine, represented 
by the map, so as to be able to compare successively each square with 
the corresponding portion of the sky. 
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He can theo assure himself if the numbers and positions of the atan 
mapped, and ttta stars observed, are identicaL If he observes in the field 
of view a luminous point which is not marked in the map, it is evident 
that this can only arise from two causes, if the map be well made. It 
may be that the new body is a star of variable brightness, and that it 
was not visible at the time the map waa made ; or indeed that it is a 
planet It then becomes necessary to distinguish between these two pos- 
sible cases. We must examine whether the new body remains invariably 
fixed at the same point, or, on the other hand, if it changes its position 
with regard to the neighbouring stare. The proper motion is generally 
so sensible, that in the course of one evening the change of podtion 
may be detected. In this last case a new plwet, or perhaps a comet, 
has been discovered. 



Eig. 86, which represents, on the left, the map itself, on the right the 
field of view of the instrument, will be sufficient to pve an idea of the 
manner in which this result is attuned. The stars shown in both are 
the same and in the field of view of the telescope is seen the new body, 
which, absent from the map, by its successive positions indicatee the 
presence of a body belonging to our solar system. 

It is scarcely necessary to add after this that tibeee researches are 
not only laborious, but demand the greatest patience and watchfulness. 
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XVI. 

JUPITER 

Distance of Jupiter from the Earth and Snn — Real and apparent Dimensions — Movement 
of Rotation ; Days and Nights — Years and Seasons — ^Dark and Light Belts on the 
Disk : Atmosphere — Satellites, their Movements and Distances — Eclipses of the 
Satellites — Their real Dimensions. 

From that region of space where we have just seen the smallest members 
of our system circulating in their orbits, we pass without transition to 
the largest planet — the colossal Jupiter. 

To the naked eye, Jupiter appears as a star of the first magnitude, 
the brightness of which, variable with its distance from the Earth, is 
sometimes, when the Moon is absent, sufficient to throw a shadow. Its 
light is constant, and scintillates but rarely. But if, to examine it, a 
rather powerful telescope is used, the point expands into a well-defined 
disk, and is generally seen to be accompanied by three or four little 
points of light, which oscillate in short periods of time round the 
central planet : these are the satellites of Jupiter. 

Venus, Mercury, and Mars, as we have seen, are without satellites ; 
the Earth has only one. Jupiter, with its four moons, which the 
powerful attraction of its bulk compels to revolve round him, exhibits 
to us, therefore, a small system analogous to the solar one of which it 
forms part, and which it reproduces on a smaller scale. 

To arrive in our journey from the Sun, as far as the Jovian system 
we must pass over a distance which exceeds five times the mean distance 
of the Sun from the Earth, or, in the mean, 475,692,000 miles. But 
the orbit described by Jupiter round the Sun differs from the circular 
form more than does the Earth's. Its distance, therefore, is more vari- 
able, and while at perihelion it reaches 452,745,000 miles, at its greatest 
distance it is not less than 498,639,000 miles from the Sun, the difference, 
being therefore 46,000,000 miles. 

Jupiter, therefore, as seen from the Sun, presents an apparent 
diameter sometimes greater, sometimes less, than its mean one ; and of 
coarse the same phenomenon is seen by observers situated on the Earth, 
but in a much greater proportion. Fig. 87 will give an idea of the 
variations of size which the disk of Jupiter, at the times of its mean 
and extreme distances from the Earth, present-s to us. 

The reason of this difference between the apparent diameters of the 
disk is easily explained. The orbit of Jupiter, like that of Mars, encircles 
the terrestrial one, and the motions of the two bodies in their respective 
orbits bring them, once in every 13 months, in the same straight line 
with the Sun, and on the same side of it ; Jupiter is then in opposUion, 
and its distance from the Earth is measured by the difference of the 
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distaaces of the two bodies from the Sun, In a similar period the two 
planets are etill in a straight line with regard to the Snn, but on opposite 
sides of it This is the conjunclion of Jupiter, and the distance of the 
two planets is found by adding their respective distances &oia the Sun. 
These distances themselves are sometimes smaller and sometimes greater 
than at others, and therefore the same thing happens with regard to 
those which separate the Earth from Jupiter at the time of opjxMtion 
and conjwnclum. 

At its greatest distance from the Earth, Jupiter is 567,000,000 
miles &om ns ; at opposition it may be within 362,000,000 miles ; bnt 
in the mean, the distance of Jupiter at conjunction with the sun is 
667,000,000 miles, and at opposition 384,000,000 miles, the difference 
being the diameter of the Earth's orbit. 

From the preceding numbers we may perceive the immense develop- 
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ment of the orbit described by this member of our planetary system. 
Thus, to traverse this path, it requires 1 2 years. This gives a mean rate 
of upwards of 680,000 miles a day, or nearly 29,000 miles an hour. 

The movements with which we are acquainted on the Earth can give 
us no idea of such a mass travelling eternally through the depths of 
space with a velocity 77 times greater than that of a canuon-ball. 

We look upon the volume of the Earth as immense when we 
compare it to the objects which we are in the habit of seeing about ua ; 
but how much mor« stupendous is the size of Jupiter, which is 1233 
times lai^r than our globe ! This value has been deduced from the 
real diameter of the planet, which has in turn been deduced from its 
apparent size and real distance. 

Fig. 88 gives an idea of the comparative dimensions of the Earth 
and the planet which we are about to describe. The diameter of 
Jupiter is nearly 11 times greater than that of the Earth, being 85,000 
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miles. Seen at the distance of the Moon, this immeDse globe would 
Hppear to us with a diameter 33 times larger than that of our satellite, 
and its disk would embrace, on the celestial vault, 1000 times the 
space that the full moon occupies. 

The form of the globe of Jupiter ia not that of a perfect sphere: it is 
an ellipsoid, flattened, like the Earth, at the poles of rotation. But whilst 
the p<^ compression of the terrestrial spheroid is but about -j^th, that 
of the globe of this immense planet is iV'h, so that there is between the 
polar diameter — the smallest, and the equatorial diameter, a difference of 
5000 miles, which gives for the flattening of each pole 2fiO0 miles. 

This elliptical form is very perceptible in the telescope ; it is per- 
ceived at once without any measurement. The drawings which accom- 
pany our description convey a good idea of this flattened form. 

If it be true, as physical experiments and geological facts tend to >^ 
show, that the planets are bodies the primitive state of which was fluid, / 
the elliptical form of their meridians is but a consequence of their i 
rotation. The flattening of a sphere, therefore, gives rise to the idea | 
of its rotation round an axis which passes through its centre. | 



- '\ Fig. IS.— Campantlvs dlRxuloDi of JDplttr (nd thf Eiirth. 

Venus, the Earth, Mars, have movements of rotation — is it the same 
with Jupit«r 1 It is, and the velocity of its movement, taken in con- 
nection with its small density, explains at once the extent of the 
flattening to which we refer, which has been carefully measured. 

Very early* observations of the planet demonstrated the rotatory 
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novemeDt of Jupiter. This was accompliahed by observing the move- 
ment of the apota on ita aurface. We give two views of the planet, 
after Beer and MSdIer, at an interval of 37 minatea 15 seconds, which 
clearly show the apparent displacement of the two dark spots produced 
by this movement. 

This immense globe revolves on itaelf in about ten hours (9 hours, 
55 minutes, 26 seconds). A point situated on the equator of Jupiter 
travels, therefore, by virtue of this movement, eight miles a second, 
or 27 times as rapidly as one aituated on our equator. 



Fig. eo.— RoteUon oT Jnplter. Appuint diipUctment at two ipota In IT minntM IS wcoDda. 

The rotation of Jupiter of course produces the phenomena of day 
and night on the planet But, as the axis of rotation is nearly at right 
angles to the plane of the orbit,* there is hut little difference in their 
length, the maximum of which is five hours, for the greater portion of 
the surface, throughout the length of the planet's long year. Two very 
narrow zones, situated at the two polea, comprise those re^ona of the 
planet where the day and night exceed the time of rotation. At the 
polea themseives, the Sun is visible for nearly six years, and remains 
set afterwards for a like period. 

The seasons- are also very alightly varied on Jupiter ; at least at any 
given place. Summer reigns during the whole year in the sones nearest 
to the equator, whilst the temperate regions rejoice in a perpetual spring, 
thoae which surround the poles being subject to a continual winter. 
Nothing is known as to the real climatic or meteorolc^cal conditions of 
these seaaons. At Jupiter's distance from the Sun, the light and heat of 
that radiant body only possess but a small fraction of their intensity at 
the distance from the Earth ; but this diminution, consequent upon the 
increaaing distance, may be compensated by physical conditions, such as a 
greater density of the atmosphere, a higher calorific or luminous capacity 
• Th« angla ef inclination is ■bout 87*. 
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of tiie matters eompoeiiig Hie soil. Does the globe of Japiter atill poswM 
an eternal heat considerable enough to raise the tempenitare of the crurt 
to an extent sufSuent to make up for the relative feebleness of the solar 
heat 1 These are questions on which science is still silent jlI# 

Jupiter's year is, as we have said, equal to about twelve of ours : to O-V"*^ 
be oiact, the length of his year is 4232 -^ days, or 1 1 years 1 months ''^I^l. 
14 days 19 hours. It follows, therefore, that, measured in udereal days y i^^ ' 
of the planet, the year of Jupiter comprises 10,476 rotations, or 10,477 Z***-^^^^ 
Jovian sidereal days. From these numbei's, it is easily found tliat -^ ^ ^^ j 
between the sidereal and Bolar day of Jupiter there is scarcely three ^^ . I 
seconds difference — that is, three of our seconds. \ '**t) ^ / 

Seen from the Earth, Jupiter does not present perceptible phases ; . \ 

its great distance, and the fact that its orbit is so far removed from our > \*i- i / 

*-i-s- ) 
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own and away from the Sun, render a reason for this, which, of course 
does not in any way affect what we have said concerning the planet's 
days and nights. We possess decisive proofs timt the planet does not 
shine by its own light ; and we may remember that Mars, at a less dis- 
tance from the Earth and Sun, presents only small indications of phases. 

We must now look upon the planet from a physical point of view. 
What we know of the planet's physical constitution has been derived 
from observations of the belts or patches of different shades which 
girdle the planet in a direction parallel to its equator. The drawings 
we have already given indicate these appearances, but to give our 
readers the best idea possible, we reproduce, in Plate XL, a magnificent 
drawing by Mr. De I^ Bue. 

Broad greyish belts stretch across the disk, north and south of the 
equator, and between these a brighter [often rose-coloured] space marks 
the equatorial r^ona On either side of the principal belts approaching 
the polar regions, other narrower bands are seen, sometimes dark, some- 
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times light The brightneeus of the disk ia decidedly more feeble at the 
poles. 

With a low magnifying power these belts seem perfectly straight^ 
but under better optical conditions it is easy to see numerous irregu- 
larities and transverse markings, vandyking and crossing the more 
visible features in various directions, in the middle even of the bands. 
One important circumstance is, that the dark bands do not reach the 
borders of the disk. [Webb, however, is of another opinion. He tells 
us that he commonly sees the belts right up to the limb.] 

Independently of the bright and dark belts, spots of various forms 
are seen ; and it is by the observation of these points that the time of 
rotation has been determined. The spots and belts vary besides in form 
and position. On several occasions one or other of the two large dark 
belts has entirely disappeared. This happened to the northern belt in 
1834 and 1835. 

It is then considered certain that these phenomena are atmospheric, 
and the parallelism of the strata of clouds is very naturally explained by 
the direction and velocity of the rotation. The equatorial regions of 
Jupiter are doubtless regions of great aerial currents, analogous to the 
trade-winds of our planet — with this diflFerence, however, as remarked 
by Arago, that the direction in which the cloud-belts move is opposite 
to that of our own trade-winds. 

The variability of position of the irregular spots indicates a proper 
motion ; according to Beer and Madler, the rapidity of their displace- 
ment is about 1 00 miles a day, — ^the velocity of a light wind on our 
Earth. We have, therefore, no reason for supposing the existence of 
violent tempests and hurricanes, which were at first imagined. We may 
hold, on the contrary, that the Jovian meteorological phenomena are 
produced very calmly. The long year of the planet, the slight and 
gradual variations of its seasons, the no doubt considerable density of 
its atmosphere, the force of gravity at its surface, are so many facts 
which tend to produce a great atmospheric stability.* 

The mass of Jupiter equals 301 times that of our globe, whilst its 
volume, as we have seen, exceeds the Earth's nearly 1233 times. 
This gives, for the matter of which is is formed, a mean density less 
than a quarter of the terrestrial density. It is a third more than that 
of water ; it is easy to conjecture that the strata forming the surface 
have, at most, the density of water. Is the surface of Jupiter, then, in 
a liquid state ¥ Here ol]«ervations fail us. 

Four luminous points — ^four small stars — unceasingly accompany 
Jupiter in its twelve-yearly revolution. They are easily observed with 
small telescopes. 

* [Daring the antamn and winter of 1869-70, Mr. Browning, F.R.A.S., noticed a 
very remarkable change in the colonr of the equatorial belt, which, in place of beins, 
as usual, nearly a pure white, passed through many tints of yellow and yellowish-red. 
Other obserFera subsequently noticed the same peculiarity. — R. A. P.] 
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From hour to hour their poaitiona vaiy, and they seem M oscillate 
irota one side to the other of the disk, in paths nearly parallel to the 
durection of the helts, that is to say, to the equator of Jupiter. These 
are its moons or satellites. They are, besides, frequently seen to dis- 
appear, one, two, and even three at a time. It sometimes, indeed, even 
happens that not one of the four is visible. Jupiter then appears alone, 
deprived of its companiona. This state of things waa observed by Mr. 
Dawes on the 27th of September 1843. But it only happens very rarely. 
Taking these satellites in the order of their distances, the times o£ 
their revolutions are as follovs : — 

Firat satellite (lo) . . . . 1 day 18 hours S3 

Second „ (Europa). . . S „ 18 „ 43 

Third „ (Qanymede). .. 7 ,, 3 „ 43 

Fourth „ (Csllisto) . . IS „ IS „ 33 



ng. >!.— JaplleisndtUFoDr&lctlita. 

In comparing these times with that of the revolution of the Moon, 
it is seen that the movements of the satellites of Jupiter are much more 
rapid than that of our Moon. This rapidity is the more marked, as 
their distances from the planet, and therefore de lengths of their orbits, 
are more considerable than in the case of our satellite. Measured from 
the centre of the planet, the mean distances of these satellites are, of 
lo, 606 radii of Jupiter; and of Europa, 962 radii of Jupiter; of 
Ganymede, 15-39 radii of Jupiter; and of Calliato, 2699 radii of 
Jupiter. These distances are, of course, the radii of their orbita. 

The orbits of the two first satellites are nearly circular ; those of 
the other two are more elongated. But on the scale on which figure 92 
presents the system of Jupiter to us, these elongations are imperceptible. 

The total space occupied by this interesting aystem measures nearly 
2,300,000 of miles in diameter. 

The study of the other phenomena observable in the Jovian system 
presents great interest. Among these phenomena we must especially 
mention eclipaea. 

Jupiter, like all celestial bodies not self-luminous, casts into space, 
in the direction opposite to the Sun, a cone of shade, the axis of which 
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is always situated in the plane of the orbit^ and the lengtji of which is 
proportionate to the dimensions of the planet and its distance from the 
Sun. Now, the three first satellites revolve round Jupiter in planes but 
little inclined to the planet's orbit, so that at each revolution they pass 
through the cone of shade, thereby causing, to themselves an eclipse of 
the Sun, and to Jupiter an eclipse of its satellites. From the Earth 
we can distinctly see the disappearance, or immersion, of the satellites 
in the planet's shadow, as also their reappearances or emersions. 

The fourth satellite also undergoes eclipse, but on account of the 




Fig. 92.— The JovUm system. Orbits of the Satellites. 

much greater inclination of the plane of its orbit, these eclipses are less 
frequent ; sometimes it grazes, as it were, the limit of the cone of shade, 
and the small loss of light which the satellite undergoes shows us that 
it is but partially eclipsed. 

The nights of Jupiter, then, are illuminated by four moons, which 
are to be seen, sometimes singly, sometimes together, above the horizon, 
and which may present at the same time all the varying phases of our 
single satellite. The nearest appears to the inhabitants of the planet 
with dimensions nearly equal to those of the Moon seen from the Earth. 
It is always eclipsed when full, that is, about every 42 hours, or four of 
Jupiter's days. 

The second and third satellites in the order of distance, seen from 
Jupiter, appear of equal apparent diameter — ^a little more than half of 
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that of our Moon : their eclipses take place, for the second, every 85 
hours, — 8 J of Jupiter's days ; and, for the third, at successive intervals 
of 171 hours, or 17 J of the planet's days. 

Jupiter's moons, at each of their revolutions, pass also between the 
planet and the Sun. At the time of each new moon, then, as their difr> 
tances are such that the cone of shade which they throw behind them 
reaches the surface of Jupiter, they give rise, on the regions they pass 
over, to eclipses of the Sun, either partial or total. These phenomena 




Fig. 98.— Eclipses and passages of the Satellites of Jupiter, seen from the Earth. 

are also visible from the Earth, and Plate XI. represents Jupiter at the 
moment when the shadow of a satellite appears on the disk in the form 
of a small black dot, whilst the satellite itself is seen, a small bright circle, 
on the greyish belts of the planet. The three first sateUites are nlever 
subject to simultaneous eclipses ; this follows from a law of their motions 
and relative distances, discovered by Laplace. 

This consequence is only applicable to eclipses properly so called, 
that is to say, to the passages of the satellites through the cone of the 
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planet's shadow. Bat to an observer placed on the Eaitb, a satellit« 
may diaappear without undergoing an eclipae ; it may pass behind Uie 
disk of the planet and be occulted. 

Lastly, as mentioned above, it may happen that during the disi^pear- 
ance of the three satellites, the fourth is between the £a{th and the planet. 
Then the planet equally appears solitary and deprived of its companiona. 

Figure 93 will render clear the various positiona which the satellite 
may occupy with reference to the Earth. One of them in this figure ts 
represented eclipsed, the other is seen projected on the disk, on which 
also its shadow is thrown ; a third is hidden by the planet, and the 
fourth is entirely visible. 

We have seen what are the apparent dimensions of the four satellites 
as seen ft«m Jupiter, compared to the apparent size of our Moon. But 
we must not confound the apparent with the real diameters. It follows, 
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from the measures made by astronomers, that the diameter of the first 
satellite is 2352 miles ; of the second, 2099 ; of the third, 3436 ; and 
of the fourth, 2929 miles. So the third and fourth in the order of dis- 
tance are the first and second in order of magnitude j one only is less 
thm onr Moon ; taken together, they would form a body 9 times Uiger 
than it, or about one-fifth of the volume of the Earth. 

The volume of the largest exceeds by two-thirds the volume of the 
planet Mercury, Here, then, we have a secondary body hoger than a 
primary one of the first order, and far surpassing in size tJioee which 
circulate between Mars and Jupiter. To these elements add : — 
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Sir W. Herschel studied with great care the variations of brightness 
of each satellite, and found that they occurred in each period of revolu- 
tion. He hence imagined that this variability was owing to the nature 
of the faces which each of these bodies successively presents to the Earth. 
It fallows firom these observations that, as in the case of the Moon, the 
same face is always turned towards the primary ; this of course would 
render the times of rotation and revolution equal. The disks of the 
third and fourth satellite present spots which are represented in the 
preceding drawing (fig. 94). 

There is another point. These moons can be distinguished not only 
by their dimensions and the brightness of their light, but also by their 
colour. According to Beer and Madler, the first and second satellites 
have a bluish tint, especially when compared with the third, the light of 
which is yellow. Some difference in colour is certain, although contrast 
may go for something. The light of the fourth satellite is bluish,* like 
that of the first two. 

[Bringing our Mars observations to bear, we might almost be justified 
in supposing these varying colours to be caused by different distributions 
of land and water.] 

The united masses of Jupiter and its four satellites are the Tirrr^b 
part of the mass of the Sun ; that of Jupiter alone is 6000 times the 
mass of its satellites, or, as we have said, 338 times the mass of our 
Earth. Lastly, Jupiter exceeds in mass all the other bodies of the Solar 
System, the Sun excepted, by -2^ times. 



XVII. 

SATUEN. 

Its EzeeptioDal Physical ConBtitution — Distance of Saturn from the Sun and fVom the 
Earth — Apparent and tea] Dimensions — Movement of Rotation and Polar Compres- 
sion — Days, Nights, and Seasons — Rings; Movement of Rotation — SateUites — 
Celestial Phenomena to an Inhabitant of the Planet. 

If Jupiter be the largest planet of the Solar System, Saturn is by far 
the most gorgeously attended among the secondary systems of which 
that system itself is composed. 

Not by four only, but by even eight satellites, is the central planet 
encircled ; and if these eight moons in their revolution do not give rise 
to eclipses as frequently as do those of Jupiter, the inhabitants of Saturn 
possess a much stranger spectacle, one, as far as we know, unique in the 
planetary system ; we allude to the wondrous ring system which sur- 
rounds the planet at some distance from its equator and revolves eternally 
• [The light of the fourth satellite is reddish, decidedly.— W. R. D.] 
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round it. Thus, then, we see that the farther we go in our exploration 
of the Solar System, the more have we to admire the wonderful variety 
in the constitution of the bodies which people it. Now we have to deal 
with isolated planets, such as Mercurj, Venus, and Mars ; now, with 
such a group of celestial pigmies as the telescopic planets ; and, again, 
with matter more finely divided still, like the Zodiacal light, and the 
shooting stars. Then we find the Earth accompanied by & single Moon 
in its annual revolution round the common focus ; and, lastly, the group 
of large planets, which are not only distinguished by their enormous 
dimensions, but by the number of secondary bodies maintained in their 
sphere of attraction, which with their primaries form real systems in 
miniature. 

Up to this point, however, whatever may have been the variety of the 
elements of each planet, there has been a common point of resemblance-^ 
the form of each has been a regular spheroid. Nor have the revelations 
of the telescope taught us that the planets which we have already de- 
scribed are surrounded with anything save the satellites we have 
described. 

[The first peep at Saturn, however, infinitely ertends our mental 
horizon ; besides eight satellites, it is surrounded by a sjrstem of rings, 
some shining with a golden light, others transparent; and it may 
possibly be, that the Z odiacal l ight , and the meteoric and asteroidal rings, 
may be to th e Suf wEat Saturn s rings are to Saturn — an innumerable ^ 
company of saUellites, as the sands on: all shores for multitude.] 'kMji^'f^^i^'^Y^ 

Before, however, describing tlie rings ot Saturn in detail, as they 
deserve, we must chronicle the principal astronomical data of the planet 
itself. 

The mean distance of Saturn from the Sun exceeds 9} times that of 
the Earth, a distance expressed by the enormous number of 872,137,000 
miles, — ^not far from double the distance of Jupiter. Seen from such a 
distance, the solar disk is reduced to the hundredth of its apparent size to 
us ; and it is in this proportion that the intensity of the light and heat 
is reduced, unless there be some compensating power in its atmosphere. 

The orbit of Saturn is not circular ; it has, like that of the other 
planets, the form of an ellipse, of which the Sun does not occupy the 
centre, but the focus. The planet is therefore sometimes nearer to, and 
sometimes more distant from, the radiant body. At its perihelion and 
aphelion respectively, these distances are 823,301,000 and 920,973,000 
miles. There is, therefore, between the extreme distances a difference 
of nearly 97,700,000 miles. From these numbers it is easy to deduce 
the length of the path described by Saturn in his long year of 10,760 of 
our days, or 29 years 167 days. Saturn travels along this orbit with a 
mean velocity of 500,000 miles a day, or 21,000 miles an hour.* 

* If this Telocity be compared with those that we have given for the planets lying 
between the San and Saturn, we shall see that the movement of the planets in uieir 
orbits is slower as the distance increases. Ttus is a direct consequence of a law of 
Kepler's, of which more anon. 



If Satnm, hy reason of &e elliptic^ form of ita orbit, approaches 
more or less to the focus of the boIkt system, it is easy to understand that 
its distances irom the Earth must vary still more, according to the re- 
lative positions of the two planets and the Sun. It is at opposicion that 
they are nearest ; at conjunction, an the contrary, their distance is much 
more considerable. These two periods occur at intervab of 378 days, 
01 a little more than a year. But the inA-jitnntn or minimum distances 
themselveB vary, from one period to another, because each of the two 
planets, according to the point of its orbit which it occupies, is itself 
more or less removed from the Sun. The distance of Saturn from the 
Eatth may vary between 1,002,000,000 and 732,000,000 miles. This 
difference of 270,000,000 miles produces, as may be imagined, a corres- 
ponding variation in the apparent dimensions of the planet : fig. 95 
shows between what limits that variation lies. 

Nevertheless, as seen from the Earth, Saturn always appears nnder 
the aspect of a star of the first magnitude, which our best telescopes 
pnesent to us under the form of a spheroidal globe, surrounded, as we 
have seen, with a ring brighter than itself. 

Let us continue to consider but the nucleus of this singular system 



t sppeuaacn pttwnled by lU iJDK-iyakin. 

Its distance being known, it is easy to deduce its real dimensions : 
these show Satum to be the second of the principal planets, as far as 
its size is concerned. 

The mean diameter of Satum is about 70,100 miles. As it turns 
rapidly on one of its diameters, it is much flattened at the poles of 
rotation, so that it is necessary, in giving its dimensiooB, to distinguish 
between the axis, or polar diameter, and that of its equator. While 
the latter measures 73,600 miles, tiie former only measures 66,600 
miles. The difference of 7000 miles represents a flattening of ^th, 
that of the Earth, being y^, or 26 miles. 

To make a tour of this immense globe, taking the shortest way, 
its inhabitants would have to travel about 200,000 miles passing 
through the poles, or 220,000 along the equator. 

These distances are less than on Jupiter, but they are more than 
nine times greater than those of our globe. These dimensions ^VB a 
volume nearly 700 times greater than that of our Earth. 

But (he mass of this enormous spheroid is far from being comparable 
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widi iw t'ulume — at leait, if we compare this witli that of tlie Earth : 
it ii a little less than 90 times greater* (89692). This indicates, on 
tlje supposition that it is equally dense throughout, that it is composed 
of matter seven times ligliter than tiie materials of our Earth, and 
conspquently less dense than water ; [in fact, about the density of oak 
or sulphuric ether.] 

The rotatory movement of Saturn has been detennined by obser- 
vations of the dark bands which cross the disk in a direction parallel 
to its equator; the inequalities of these b^tds by their periodical 
return, have enabled astronomers to calculate the time of rotation, 
which is 10 hours 39 minutes 17 seconds. 

Here, then, we find one of the largest planets with a period of 



rotation less than half those of Mercury, Venus, Mars, or the Earth. 
Day and night succeed each other on the average at intervals of five 
hours, but the length of the year, which comprises 24,631 complete 
rotations, or 24,630 solar days of Satnm, causes the seasons to modify 
the lengths of day and night but very slowly. 

As to the seasons themselves, they are much more varied than on 

Jupiter, since, owing to the considerable inclination of the axis to the 

plane of the orbit,t Saturn presents to the Sun sometimes one, and 

sometimes another, of its poles of rotation. For the same place cm its 

■ Th«t,ia the t^tth p»rt of the mua of the San. 

t [Thi* indinatiiiD is 61* lO" 82', accoTdiog to Proctor.] 
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surface, the altitude of the Sun above the horizon is still more variable 
than on the Earth ; but if we wish to form an idea of the change of 
temperature due to this cause, it is important to remark that the 
altitude of which we speak varies thirty times less rapidly than with us. 
Each of Saturn's seasons lasts more than seven of our years, and there 
is nearly fifteen years' interval between the autumn and spring 
equinoxes, and between the summer and winter solstices. 

But we should have but an incomplete idea of the phenomena 
presented by the days, nights, and seasons of Saturn, if we did not take i^ 
into account the modifications produced in these elements by the exist 
ence of the annular appendages by which this magnificent planet is sur- 
rounded, and by the presence on the horizon of the eight satellites which 
escort it in its long revolution of thirty years. The drawings given in 
Plate XIL show Saturn as it was observed, at an interval of nearly three . w ^. 
years, in two points of its orbit, distant enough to modify perceptibly j-t*^^*^ 
its position relatively to the Earth and the Sun : all the details of the 
disk and of the rings perceived by the most powerful instruments are 
faithfully reproduced. 

At the time of the discovery of this strange system, telescopes had 
just been inventeA The imperfections of these instruments threw 
Galileo, says Arago, " into great perplexity." A letter to the Grand*. 
Duke of Tuscany informs us that Saturn seemed to him tricorps. 
" When I observe Saturn," he remarks, ** with a glass of a power of 
more than thirty times, the central body seems the largest ; the two 
others, situated one on the east, the other on the west, and on a line 
which does not coincide with the direction of the zodiac, seem to touch it. 
They are like two supporters, who help old Saturn on his way, and 
always remain at his side. With a glass of smaller magnifying power, 
the planet appears elongated and of the form of an olive." 

Saturn subsequently appeared to the illustrious astronomer perfectly 
round. He regarded his preceding observations as optical illusions, and 
in his disappointment exclaimed, ** Can it be possible some demon has 
mocked me?" This is the first record we have of the disappearance of 
the rings, of which more presently. Huyghens subsequently observed 
these appendages of Saturn, and he first gave the explanation which 
the theory of the planet's motion and the employment of more power- 
ful instruments have definitely confirmed. 

[Most encouraging is the chapter of the history of Modem Astro- 
nomy which tells us how eye and mind have bridged over the tremen- 
dous gap which separates us from the planet. We have seen by degrees 
a ring evolved out of the triform planet^ and the great division in 
the ring and the irregularities on it, brought to light Enceladus 
and coy Mimas, faintest of twinklers, are caught by Herschel's giant 
mirrors, and he, too, first among men, realises the wonderful tenuity of 
the ring along which he saw those satellites travelling, ''like pearls 
strung on a silver thread." Then Bond comes on the field, and furnishes 
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eridence to show that we must maltiply the number of separate rings 
we know not how many fold. And here we reach the golden age of 
Satumian discoveiy, when Bond, with the giant refractor of Cambridge^ 
U.S.y and Dawes, with his eagle gaze and e^-inches Munich glass, first 
beheld that wonderful dark semi-transparent ring which still remains 
one of the wonders of our system. But the end is not yet ; ere summer 
on the southern surface of the ring fades into autumn, Otta Struve in 
turn comes upon the field, detects, as Dawes had previously done, a 
division even in the dark ring, and measures it while it is invisible to 
LasselFs mirror — a proof, if one were needed, of the enormous superi- 
ority possessed by refractors in such inquiries. Then we approach 
1861, when the ring plane again passes through the Earth, and Otto 
Struve and Wray observe those curious nebulous appearances, of which 
more anon.] 

We know, indeed, now, that surrounding Saturn, and nearly in the 
plane of its equator, is extended a system of rings, which may be broadly 
divided into three, of unequal breadths : of these the thickness is rela- 
tively veiy small. The exterior ring, the one farthest from the planet, is 
separated from the intermediate one by a veiy distinct break, whilst the 
interior ring, that nearest to Saturn, seems joined on to the second. 
Their brightnesses are very dififerent : the intermediate ring, the most 
brilliant of the three, is more luminous than the globe of Saturn ; the 
exterior ring is of a greyish tint, nearly of the same shade as the dark 
bands of the disk. Both of these are opaque, and throw on Saturn a 
very distinct shadow. The interior ring, on the contrary, is dusky, and 
almost of a purple tinge, and transparent ; it stands out on the globe of 
Saturn as a dark band, through which the luminous disk is readily seen, 
[and without distortion.] 

[Let us dwell for a moment on this transparent ring, the physical 
features of which are perhaps less remarkable than the fact that it was 
not discovered till 1850, and had been entirely overlooked, if it existed, 
till then, not only by all ordinary observers, but by Herschel's great 
telescopes. When Bond and Dawes discovered it, it was by no means 
easy of observation, but now it may be seen in a four-inch achromatic. 
Another remarkable fact is the probable increase in width since the time 
of its discovery, which we shall see subsequently to have an important 
bearing on one of the hypotheses suggested to account for the entire 
appendage.] 

In order that a clear idea may be obtained of the positions and 
breadths of the rings, we give in fig. 97 a view of the system, such as 
would be obtained by an observer placed above the plane of the rings 
in the prolongation of the planet's polar axis. 

The exterior diameter of the outer ring is 166,920 miles, and its 
inner diameter 147,670 miles ; its breadth, therefore, is nearly 10,000 
miles. These dimensions for the middle ring are respectively 144,300, 
109,100, and 17,600 milea The distance which, separates these two 
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rings is nearly 1700 miles. The dark ring joina the middle (or bright) 
ring. The space between its interior edge and the surface of the planet 
is 9750 miles ; its breadth, therefore, is nearly 8700 miles. The entire 
braadth of the ring system is 37,070 miles. Its thickness is probably 
moch less than 100 miles. 

Can, then, such a material system, whether solid or liquid, sustain / 
itself, without point of contact or support, in a constant — or nearly con- 1 
st&Dt — position with regard to the planet 1 And, if so, how do its i 
different parts resist the " puU " which the attraction of Satnru exercises | 
on each of them 1 It ivnuld seem that this immense bridge onght byl 
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d^reea to break up, and then — catastrophe far beyond anything the 
face of heaven has yet presented to man's eye — be precipitated in un- 
utterable and headlong fall upon the surface of the planet. 

Laplace first considered this problem. He showed that its equili- 
briam could not be possible and stable, unless the section of the ring. 
of elliptical form, presented in several points inequalities of breadth or 
carrature. Observation has shown that these conditions exist, as the 
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centre of gravity of the ring does not coincide with that of the plsneti 
and alow oscUl^ons in their relative podtionB take place. Moreover, 
he showed that there was another essential condition — ^the ring onght to 
rotate in its plane with a velocity of little more than ten honrs. Herschel 
imagined that he had also detected this rotation, which thus agreed wit^ 
the result of calculation. His observations, made in 1790, gaveaperiod 
of EotatioQ of 10 hours 32 minutes. 

[Since this time, however, Laplace's investigation has been shown to 
be insufficient, and Fierce and Maxwell have in turn demonstrated that 
the rings are not solid, and are not liquid ; and their non-solidity appears 
to be shown, not only by the variable traces of divisions in the ring and 
the appearance — niay we not almost say the birth t — of the dark ring, 
but by the possible increase in the breadth of the ring-system. The 
least favourable measure of the width of the ring in Huyghens' time gives 
about 22,500 miles; Herschel found it about 35,000. The most modem 
recorded measurements give 29,000 ; so that, if we accept these measure- 
ments, the present annual increase in the breadth of the ring is about 
30 mUes.] 
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Of what, then, are the rings composed 1 It is now held by some 
that they are composed of SalellUes, and Proctor has pointed out that 
on this hypothesis, — 

" The temporary divisions and mottled stripes are easily exphuned. 
It is conceivable, for instance, that the streams of satellites forming the 
rings might be temporarily separated along arcs of greater or less length 
by n arrow strips altogether clear of satellites, or in which satellites might 
be but sparsely distributed. Divisions of the former kind would appear 
as dark lines, while those of the latter kind would present precisely that 
mottled appearance seen in the dusky or ash-coloured stripes. Hie trans- 
parency of the dark inner ring is easily understood if we consider the 
satellites to be sparsely scattered throughout that formation. The fitct 
that tMs ring has only become visihle ^ late yean no longer presents 



in iumpenble difficuUy, for it is readilj conceivable that the satellitM 
fonning the dark ring have originally belonged to the inner bright ring, 
whence collisions or disturbing attractions hare but lately propelled or 
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drawn them, ^e gradual spreading out of the rings is explicable when ^ 
tiie system is supposed to consist of satellites only connected by their 
mntoal attractions ; while the thinness of the system is obviously a 
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necessary conseqaence of such a formation, for the attraction of Saturn's 
bulging equatorial [regions would compel each satellite to travel near 
the plane of Saturn's equator."* 

* Proctor'* Saturn aiti a» Byilem, p. 113. Thia Tolome forau the moat com- 
plete mouognph of the planet jet published. 
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a\ 1^ The elliptical sliading on the inner briglit ring at tha ends of the 

'^ Anmuvinfc Inncmr ftirijt nf t.liA Ha-rlr rinir ir}iif;li in TRnnwAntArl in nnr 



mpaiant l oagaLAJcia^of the dark ring, which ia repreaented in c 
tJ^Fee, ana haa beea a gore juzgle to our obBerren, also finds a possible 
^ explanation:— 

f\f- " ^g jjAve onlf to imagine that the satellites are streini more densely 
near the outer edges of the bright rings, and ^specially of the inner 
-^ ■ bright ring, and that th in HBnuity of dintributioy gradnallY diminishes 
i inwards. For instance, we may conclude that along the inner edge of 
the inner bright ring the satellites are so sparsely strewn, that, at the 
extremities of the apparent longer axis of that edge, the dark backgnmnd 
o/the sh/ becnmti visiJile Ihrough the gapt Muxen the taUlliUt," \m. C Lr 

■L 
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. tti< diMppauaDM or the BlBg. 

Mr. Dawes attribntea this shading to the overlapping of the dark 
ring, which may be thicker than the inner edge of the bright ring. 
Otto Stnive and Wray also noticed, in 1861 and 1863, curions 
. ^^- appendages, like clouds of a less intense light, lying on the ring, differ- 

ing much in colour from the ordinary colonr of the rings — not yellow, 
but more of a livid colonr, brown and blue. These nppearancea, on th«/ 
hypothesis to which we refer, are supposed to be due to the satellites 1 fl^ 
"^ drawn out of the plane^of the ring by the attraction of Saturn's outer/ V 

, y satellite.] 

In its movement ronnd the Sun, the axis of Satam, like that of the 

•^- other planets, remains parallel to itself. The axis of motion of the rings 

f^r'' is also constant, and, as their inclination to the plane of the planet's 

^^ ^ orbit is considerable,* it follows that the Sun sometimes illuminates one 

* [This indiuatioD of tlia PUnet'* orbit to the plaoe of ths 

wliptici* rsB-w 

, ' The inclination of the pUo* of tbe ringi to tlM sum plsue is SS 10 SI] 
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of the faces of the syBtem, sometimeB the other. In tiro duunetrically 
opposed positions in Sstum's orbit, the place of the ringa is directed to 
the Sun, and consequently their edge only receiTes ita light This takes 
place at the epoch of Saturn's equinoxes. 

What, then, are the appearances presented to us Earth-dwellers 1 
Evidently that the rings, by an effect of perspective easily gathered from 
Gg. 100, appear sometimes more and sometimes less open; and that 
during oue-half of the planet's year, the part of the ring between oa 
and the planet is apparently projected on the northern hemisphere ; and 
dnring the other half the " dip " is in an inverse direction, and the ring 
is seen to cover a part of the south hemisphere. At two particular 
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periods the ring, being only illuminated at the edge, disappears entirely, 
except in the most powerful instruments, which then show a. light, 
lominona line near the prolongation of Saturn's equator. 

We give two drawings which represent Satam in this particular 
position. The first (fig. 101) shows the planet as it was observed by 
Professor Bond, in Kovember 184& The other (fig. 102), which we 
also owe to the same astronomer, gives the explanation of the luminous 
points recorded in fig. 101. 

[He supposes them due (as the Earth was not in the plane of the 
ring) to the light reflected from the edges of the different rings, which 
near tbe epoch of the passage of the ring-plane through the Sun, re- 
cerred the Sun's light] 

Besides this cause for the disappearance of the rings, which is inde- 
pendent of the position of the £arth in its orbit, and depends only 
upon the passage of the plane of the rings through the Sun, there is 
another which depends upon our Earth passing through the plane of the 
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ring. An observer, situated on onr globe, would then, equally, ovlj 
see the edge of the ring ; he could obseire neither the upper nor lover 
surface, but merely, near the time of passage, the luminoua pointo to 
which we have referred. 

There is still another cause for the disappearance of the ring, and 
this occara when the Earth is on one side of tJie plane of the rings and 
the Sun is on the other. At such times obviously, as tiie dark surface 
is turned toward us, we cannot see it. 

Such appears to us Saturn at its enormous distance from the EartJi. 
We have eaid that it is the richest of the systems, or worlds in miniature, 
which surround the Sun. It is diatinguiBhed trota all the others, not 
only by its wondrous rings, which bear witness, perhaps, of the method 
of formation of our planetary worlds, but in addition by eight satellites, 
the incessant revolution of which round the central globe adds to the 
variety of its celestial phenomena. 

We give below the names of the eight moons of Saturn, with their 
distances from the centre of the planet, and the time of their revolu- 
tious in terrestrial mean solar daj^ : — 

Encelidna . 
Trthya 

Rhea 

TiUn 

Hyperion . 
Japetus 

The first four satellites are all nearer to Saturn than the Moon is to 
the Earth. Mimas is, more- 
over, but 79,000 miles from 
Saturn's surface, and Dione 
about 200,000 ; Mimas' dis- 
tance from the edge of the ring 
being but about 30,000 miles. 
On the other hand, Japetus is 
nearly ten times more distant 
from Saturn than we are from 
our satellite, so that the dia- 
meter of the Satumian system 
measures nearly 4,300,000 
miles. 

Figure 104 shows the system of the orbits of the satellites, suppodng 
their planes coincident with the plane of Saturn's orbits These curves 
are not circular ; but their excentricity is not accurately known, and the 
elliptical form would not be perceptible, on the small scale we have 
adopted. 

We see, by the times of revolution, that the movements of the 





Ud« hum Sitnni'i 


TtmaofiidFRilRTDlut 


ceBtnlnradUofButura. 


d. h. m. t 


S-SflO 


22 37 23 




4312 


1 8 63 7 




E-339 


1 21 18 2« 




6 839 . 


2 17 41 9 




9-662 


4 12 25 11 




221*5 


15 22 41 25 




as'Ooo 


21 7 7 41 




64-359 


79 7 S4 40 



SATUEN. 



221 



satellites are extremely rapid ; their phases, therefore, must very rapidly 
to the inhabitants of the planet. Mimas passes from new to full moon 
in less than twelve hours, a little more than Saturn's day. In one or two 
dayS) the four following moons present the same succession of appear- 
ances. Japetus alone accomplishes its entire revolution in a longer time 
than our lunar month. The two interior satellites and Hyperion are very 
difficult to observe, and require experienced observers, provided with^the 
most powerful instruments. The remaining five satellites, however, are 




Fig. 104.— Bird'B^ye View of the Orbits of Saturn's Satellites. 

well seen with careful watching in a five-foot achromatic. The diameter 
of Titan, the largest satellite, has been measured. It is about the six- 
teenth part of that of Saturn. It is, therefore, more than half the diameter 
of the Earth. Thus, as in the case of Jupiter's satellites, one of the 
secondary bodies of this marvellous system exceeds in size such planets 
as Mercury and Mars ; its volume is about nine times that of our Moon. 
We have before referred to the days, nights, and seasons in this 
planet. It will be readily understood, by referring to what we have 
said of these matters in the case of the Earth, that similar variations 
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must also take place in this planet in a given place, in the coarse of tlie 
year, and at the same moment^ in different latitudes. 

At the two poles, and throughout the polar zones, these variations 
attain their maximuuL During fifteen of our years the Sun does not 
leave the north pole, and a night of the same length envelopes the south 
pole of Saturn ; the reverse phenomena occur during the fifteen follow- 
ing years. Doubtless, an intense cold is the consequence of this pro- 
longed privation of the rays of light and heat. To this long winter, 
and the ice and snow with which the polar regions are doubtless covered, 
may perhaps be attributed the whitish zone which has been remarked 
round the poles ; but at such a distance physical facts elude us, and we 
must rest content with hypothesis. 

The atmosphere of Saturn is doubtless very dense, especially near 
the equatorial regions ; the bright belts with which the disk is girdled 
are probably produced by the reflexion of light from immense cloud- 
masses, which the rapidity of the movement of rotation incessantly 
accumulates. The darker belts possibly, as we remarked in the case 
of Jupiter, indicate a more serene atmosphere. 

Let us imagine ourselves on the globe of the Saturn. Thence let us 
gaze on the appearances of the celestial vault during the day and night 
If we start from either pole, in advancing as far as 63^ of Satuini- 
centric latitude, we shall traverse those regions of the hemisphere where 
the ring is never visible ; only the satellites appear above the horizon, 
and present to the spectator the varied aspect of their phases. 

Leaving this latitude, th'b ring-system begins to be visible. But it 
is only during the two seasons of spring and summer that the surface 
of the rings, turned towards the hemisphere where we are placed, 
receives the rays of the Sun, and lights up, by reflexion, the planet's 
nights. During the day their arcs send forth but feeble light, analogous 
possibly to that reflected by our Moon when visible in broad day. 

The form and extent of the immense luminous arches vary, more- 
over, according to the latitude ; starting from 63**, and advancing to- 
wards the equator, they rise higher and higher above the horizon. We 
first see a part of the exterior ring, then the ring in its entirety. At 
the mean latitude of 45°, the two first rings are observed. In propor- 
tion as we descend towards the equatorial regions, the entire system 
becomes visible, but at the same time, the visual rays having a more 
oblique direction, the rings diminish in apparent breadth, continually, 
however, rising more and more above the horizon. At the equator, 
they are only visible by their interior edge. This edge is then presented 
as an immense luminous band, stretched from east to west, passing 
through the zenitL 

To give an idea of the magnificent spectacle which the starry vault 
presents during the nights of the summer season, we have sketched, 
according to the laws of perspective, the appearance of the rings from a 
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latitude compiieed between 25' and 30^ These two ideal views repre- 
sent tbe ring at midnight, the one a tittle after the equinox, the other 
at the beginning of Hummer, towards the period of the solstice. 

In the first of these Satumian landscapes (fig. 105), the ring-system 
is seen fonning an immense arch, interrupted by a large space at the 
summit. The sky is visible through the division, which separates the 
two principal rings, and it again appears below the arch. The interrup- 
tion at the summit is produced by the shadow cast by Saturn, and is 
only distinguished from the sky by tlie absence of stars. It is possible, 
however, that this eclipsed portion of the rings may be sometimes 
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rendered visible by the refraction of the solar rays by the atmosphere of 
the planet The eclipsed band may take a coloured tint, analogous to 
the reddish colour of the Moon during total eclipses. 

The second ideal landscape (fig. 106) allows us to see the exterior 
ring in its entirety. At the solstices, the shadow of the planet is thrown 
only on the Interior rings. We must remark, also, that at the different 
hours of the night the position of the shadow is not the same. It only 
occupies the middle of the arc at midnight. It hence follows that afler 
sunset the western part of the ring first appears ; by degrees, as the 
night advances, the western arc diminishes, and the other portions 
appear at the east ; until, at midnight, the lengths of the two arcs are 
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equal. From midnight, the weatero portion still diminiahea, and «t last 
disappears, whilst the eastern arc increases in length. When we add 
to the strange beauty of this spectacle the presence of the satellites, 
presenting different phases, some full, others new, others gibbous, or 
crescent, an idea will be formed of the variety of aspects of the Satarnian 
night. [Compared with our Moon, however, the moons of Saturn give 
very little light Even if all fhll together, they would give but one- 
sixteenth part of the light of our full moon. — R. A. P.] 

During the winter seasons, the rings present their dark sides, and 



are only visible during the night, negatively ; that is to say, by the 
absence of the stars on the celestial vault which they eclipse. Never- 
theless, towards the morning and evening they may possibly reflect the 
li{^t they receive from the Uluminated part of the planet ; at the east 
and west they show doubtless a slight glimmer, similar to the Earth- 
shine of our Moon, or, again, to the Zodiacal light. 

But if the winter nights are deprived of the light of the rings, the 
daya of the same seasons present, on the other hand, the most curious 
phenomena. As, by reason of the diurnal rotation, the Sun moves 
apparently along circular arcs, sometimes more, sometimes less elevated 
above the horizon, the god of day, being compelled thus to pass behind 
the rings, unde^oes long and frequent eclipses. The duration of these 
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phenomena is shorter than was at first supposed, because, as the apparent 
path of the Sun is not parallel to the arcs of the rings, he, thou^ 
eclipsed at rising, reappears under the ring, to again dis^pear before 

Eunset. 

[Mr. Proctor, in the book from which we have already quoted. 
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remarbs that in latitude 40° we have morning and evening eclipses 
for more than a year, gradually extending untO the Sun is eclipsed 
during the whole day, and these total eclipses continue for nearly 7 
years, eclipses of one kind or another takmg place for 8 years 292'8 
days. "If we remember," he adds, "that latitude 40° on Saturn 
corresponds with the latitude of Madrid on our Earth, it will be seen 
how largely the rings must influence the conditions of habitability of 
Saturn's globe, considered with reference to the wants of beings con- 
stituted l^e the inhabitants of our EartL"] 

Nearer the equator and poles solar eclipses are still very frequent, 
but the period of time during which they last is gradually reduced. 
Jud^g of the loss of light by the intensity of the shade thrown on 
the planet, the apparent night produced by these eclipses is doubtless 
very decided, although atmospheric refraction would prevent them from 
being absolute. If we could watch the various celestial phenomena 
from the rings, the appearance of the sky would be very different ; if 
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we aupposed ouiselTOs located over the edge of the ring, ive should 
have a long night of fifteen yean succeeding a day of the same length. 

During the period of iliumination of each aide of the rings, the Son 
is eclipsed every lOj hours. These eclipses, due to the interposition 
of Saturn's disk, produce partial nights, the duration of vliich varies 
between 1 ^ and 2 hours over a large surface of the ring. These are the 
phenomena which caused the interruption of the luminous arc seen from 
Saturn, as represented in two different epochs in our two ideal views. 

But for nearly fifteen years each side of the rings is entirely deprived 
of the light of the Sun. This long night is partly compensated by the 
light reflected by the illuminated hemisphere of the planet, or at least 
by the part of that hemisphere visible from the ring. During every 
period of lOJ hours the immense globe appears under various phases. 
It is first a luminous point, which rises from the horizon, taking more 
and more the form of a half crescent (fig. 107), but much less curved 
than that of the Moon. After 5\ hours it is nearly a half circle, which 
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embraces the eighth part of the whole celestial vault; the surface of 
this half circle is nearly 20,000 times that of the lunar disk (fig. 108). 
On this disk is perceived a dark zone, divided by a bright line : it is 
the shadow projected by the ring on the planet. Bright and dark 
belts, and, doubtless, many other physical details that we cannot see 
at our enormous distance &om Sabmi, distinguish the various parts 
of this immense disk.' 
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The more we leave the inner rmg, the more does the visible portion 
of the planet increase ; but its apparent dimensions diminish, on the 
other hand, with the distance always, however, remaining considerable. 
Figs. 107 and 108 will give an idea of the aspect of Saturn seen from 
a point on the middle ring at an interval of about 3 hours.* 

It remains for us to point out, in terminating our review of Saturn's 
phenomena, and of the celestial phenomena presented to the Satumians, 
the numerous eclipses produced by the eight satellites, both when they 
pass over the solar disk and when they themselves plunge into the 
shadow thrown by the planet These phenomena can be watched 
from the Earth in powerful instruments. The last occasion took place 
in 1862, when Mr. Dawes and Mr. Lockyer were enabled to observe 
the shadow of Titan traversing the planet's disk, the satellite itself 
on one occasion grazing the planet's lower limb. [Mr. Dawes also 
witnessed an eclipse of Titan — ^ a unique observation," he remarks.] 



XVIII. 

UEANUS. 

I 

DiBCOTeiy of Uranas in the last Century — Form and DiroensionB of its Orhit — Its appa- 
rent and real Dimensions — Its Satellites ; Inclinations of their Orbits, and Directions 
of their Movements. 

Ths Solar System, as known to the ancients, comprised all those 
celestial bodies the movements and physical constitution of which we 
have just studied, with the exception of the telescopic planets and the 
satellites of Saturn and Jupiter. A century ago the number of the 
planets remained the same as for ages past, and the confines of the 
system did not extend beyond Saturn. It was reserved for one of the 
most illustrious observers of modem times. Sir William Herschel, to 
doable the radius of the sphere which embraces the bodies subject to 
the attraction of the Sun, by the discovery of a new planet — Uranus. 

It was on the 13 th of March 1781, between ten and eleven o'clock 
at night, that Herschel, employed in exploring with his telescope the 
constellation of the Twins, observed a star the disk of which attracted 
Ids attention. Perceiving, after a few nights of observation, that the 
new body moved, he first took it for a comet. His observations, when 
submitted to calculation, soon showed that he had discovered a body 
which was at such a great distance from the Sun, and the orbit of 
which was so circular, that it was impossible long to hesitate as to its 
real character ; it was a planet. 

* [In these two ideal views, as in the two preceding ones, M. Guillemin has been 
compelled, naturally enouffh, to appeal in his foregrounds, to our terrestrial -pre" 
jadices. Of course, the ri^ts of the different hypotheses referred to in the text are 
*• strictly reserved. "] 
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Uraatu OBnallj— but this depends upon its distance from the Earth 
— shines as a star of the sixth magnitude. It is therefore sometimes 
visible to the naked eye. This insignificant size and brightness, how- 
ever, are merely relative, and are caused by the immense distance of the 
planet from the Sun, and therefore from the Earth, and also by t^e 
feeble intensity of the light received from the first-named body. But 
if it be examined with a telescope of high magnifying power, the circular 
form of its disk appears with clearness, and its apparent diameter may 
be measured. 

The orbit described by Uranus round the Sun surrounds the orbit 
of the Earth at so great a distance, that it is impossible to perceive on 
its disk any appearance of phases. It has the appearance of always 
turning its bright side towards us. 

The orbit is not a perfect circle, but, like those of the other planets, 
is elliptical ; so that, during the whole course of its revolution, which 
lasts about 84 years — more exactly, 30,GS6 ^ days — the distance 
of Uranus from the Sun constantly varies between, 1,672,200,000 
and 1,836,660,000 miles: there is thus a difference of more than 
163,000,000 miles. The mean distance amounts to 1,753,869,000 miles. 

Its distance from the Earth varies even more, being greatest when 
the two planets are on opposite sides of the Sun, and of course least 
when they are on the same side. In the former case, Uranna is in con- 
junction, and its mean distance from the Earth exceeds 1,846,000,000 
miles, whilst at opposition the mean distance is 1,662,000,000. Its 
apparent diameter, seen from the earth, then varies in a way which 
may thus be exhibited : — 

OOO 

ng. liN._Appuail dlnuDiloiu at Cnuiua it fu maui ud utnme dMuoca 
fHuntha Eutli. 

From the distance of Uranus and its apparent size, its real dimensions 
have been deduced; it is a spherical 
body, 74 times larger than our Earth, 
the diameter of the planet 32,250 
miles. Fig. 110 shows the compara- 
tive dimensions of these two bodies. 

Astronomers are not agreed as to 
whether Uranus is perfectly spherical 
or flattened at the poles of rotation. 
Sir William Herechel asserted the 
pig. no.— compunuvtauaafDnniuuid UtteT, and Madler found some years 
u« Birth. ^g(j ^ flattening of -^th, which is sug- 

gestive of a rapid rotation ; but ot^er astronomers. Otto Struve among 



them, have not been able to detect any perceptible flattening. This, 
however, doea not, perhaps, miUtate against the observations of Madler 



Fig. llI.—SUBmDiM Iwtwean tbs appiniit formi of ■ BattUMd gloln. 
uan In two dlOtesnt poaftknu. 

and Herschel ; for if, as Arago remarks,* we assume that the equator 
of Uranus is situate nearly in the plane of the orbits of its 8at«llite8, this 




ng. Il£.— SfiMia at tbt Satcllltei oT Unniu ; nlitln dbnsiuloiu oT tha Orblta. 

will explain how, at different epochs, observers have arrived at different 
* Popular Attrtmomy, vol. iv. p, <98. 
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results. The axis of rotation of the planet would, on this supposition, 

nearly coincide with the plane of the orbit of the Earth. If the axis 

be turned towards our globe, the ellipsoid will seem to us circular; 

if, on the other hand, it be at right angles with us» the polar compression 

will become visible. 

,';The following figure explains both the difference of position, and 

the change of appearance resulting therefrouL 

Uranus, like Saturn, is the centre of a little system, comprising, 

besides the principal planet, eight* moons or satellites, revolving in 

planes nearly perpendicular 
to the plane of the planet's 
orbit These bodies, whose 
revolutions are accom- 
plished, the nearest in two 
days, and the most distant 
in about 108 days, possibly 
compensate, in some degree, 
by their reflected light, dur- 
ing the nights of the planet, 
the feeble intensity of the 
daylight The Sun is visible 



///;'--o. 

/ / // /"^x \ 

// / ///r<\ \ \ 
/ / / / iilC\ til' 



\ \ 



\ \ 



\ i 




>.. ^^ 



Fig. 113.— IiK^linatloD of the planes of the Orbits of the 
Uat^llites to the Orbit of Uranos. 



Sun. 

We have shown, in fig. 
112, the relative dimensions 
of the orbits of the satellites, 
as they would be seen if we 
could obtain a bird*s-eye 
view of the plane in which they revolve. We have already mentioned 
/ the fact that their movements are performed in a direction neariy^per- 
, pendicular to the plane in which the planet revolves round the Sun. 
Another peculiarity, and this is found nowhere else throughout the 
Solar System, further distinguishes Uranus ; the direction of these move- 
ments is retrograde, that is to say, it is contrary to that of all the other 

* [Mr. Lassell believes from his own observations of Uranus, that only four 
satellites have been discovered, and tliat those supposed to have been seen hy 
'Herschel were in reality, fixed stars. This view is confirmed by the observations 
* jnade at Washington with the 26-inch refractor (the largest refracting telescope in 
the world). Prof. Holden, of Washington, has identified some of the points of light 
seen by Sir W. Herschel, with Mr. Lassell's satellites. — R. A. P.] ^^ 
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known movements ot satellites and planets. But this anomaly probably 
results firom the very great inclination of their orbits, shown in fig. 11 3. 

The first satellite is but 123,000 miles, or about half the distance of 
our Moon, from the planet. The most diistant of the four of which we 
have certain knowledge is 380,000 miles. Of these four, the two nearest, 
Arid and Umbrid^ were discovered by Lassell ; the two remaining ones 
(two of which have received the names TUania and Oberon), by Sir. W. 
HerscheL [These four are the first, second, fourth, and sixth of those de- 
picted in fig. 11 2, counting in order of distance from Uranus. — R A. P.] 

Observations of the variations of the quantity of light reflected by 
these enormously distant bodies — ^and these observations, we need 
scarcely say, are extremely difficult — ^have led to the inference that they 
possess movements of rotation, an idea strengthened by other planetary 
analogies : it is, however, as yet by no means certain. Nor have we 
yet observed their eclipses by the shadow of the planet, or those of the 
Sun, which doubtless sometimes take place when they pass between the 
planet and that body. We may, however, infer these phenomena as 
well as phases; and the simultaneous presence or absence of these bodies 
from the Uranian sky doubtless affords a great variety in the appear- 
ances presented to the inhabitants — ^if such exist— of this distant planet 

Observations have at present given us no information on the physical 
constitution of Uranus. No feature is visible on the disk at such a dis- 
tance. Astronomical calculations can only tell us of its mass, which 
is fifteen times that of the earth ; taking this and its volume into 
account, we find, for the density of the matter of which it is composed, 
a value equal to one-sixth of that of our Earth : the density of Uranus, 
therefore, is a little more than that of ice. 

On the surface of Uranus, the force of gravity ifi little more than 
^ths of gravity on the surface of our Ea^h, so that bodies weigh 
much less, and the surface of the planet may be much less solid. 



XIX. 

NEPTUNE. 

"Djacovery of Neptime — The Method of Discovery — Distance — Apparent and real Dimen- 
sions — Volume and Density — Satellite of Neptnne. 

At a mean distance from the Sun of 2,745,998,000 miles, that is to 
say, more than thirty times the radius of the Earth's path, the most 
distant of the known planets of the system circulates in its orbit. The 
nearly circular orbit which it describes round the common centre is so 
great that it requires nearly 165 years to accomplish its revolution. 
This planet is Neptune. Scarcely eighteen years separate us from 
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the time when it was first distinguished as a planet ; so that we have 
merely yet seen it traverse the ninth part of its orbit The recent date 
of its discovety, and the immense distance of the pUnet from the Earth, 
are sufficient reasons for the few data we possess regarding it But it 
is surrounded with another kind of interest to compensate for this 
insufficiency — ^we refer to the method, unique in the annals of astro- 
nomy, which served as a basis for its discovery. 

We have seen that among the known bodies which compose the 
Solar System, eight only were distinguished by the ancients from the 
multitude of brilliant points which spangle the stauy vault : the di- 
mensions of some, — the Sun, Moon, and Earth ; the proper motion of 
others among the constellations, — ^Mercury, Venus, Mars, Jupiter, and 
Saturn, were the characters which early led to their being classed by 
themselves as wanderers. 

Later, the telescope enlarged man's field .of view, and permitted 
astronomers to add to these eight bodies a considerable number of new 
ones. Uranus, the Asteroids, the Satellites of Jj^piter, Saturn, and 
Uranus, were ranked successively among the Solar Family. But what 
was the method employed to discover all these celestial bodies f An 
attentive and minute survey of every part of the starry sky, the com- 
parison of celestial maps with the field of view of powerful optical 
instruments, the happy discovery of a change of place of a luminous 
point But in all this there was no provision founded on theory, no 
preconceived notion on future discovery, which, indeed, in all cases has 
been due to the persevering zeal of observers and to happy chances. 

The method to which the discovery of Neptune is owing was 
entirely a different one. 

We shall speak subsequently on the principles of the movements of 
celestial bodies round their foci of revolution, as they act and react on 
each other in such a manner as to disturb the regularity of their move- 
ments ; on the observed perturbations, and on the manner in which the 
perturbations observed are connected with the laws which govern them. 
Now, among these perturbations, there was one which utterly defied 
explanation on any known theory, and which astronomers had in vain 
attempted to ascribe to the action of one of the known bodies. The tables 
constructed for the planet Uranus did not at all agree with the observa- 
tions, and the motion of this body was evidently disturbed by some 
imknown body. This body was, nevertheless, for some time suspected by 
Bouvard, Hansen, and many other astronomers, who held that the per- 
turbations were due to an undiscovered planet beyond the orbit of 
Uranus. But the complete solution of the problem was accomplished 
independently by an Englishman — ^Professor Adams, and a Frenchmaji 
^M Leverrier, both of whom now take rank among the foremost 
living astronomers. 

[When we consider the problem in all its grandeur, we need not 
be surprised that two mathematicians who felt themselves competent to 
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its solution should have independently undertaken it. As far back as 
July 1841, Mr. Adams determined to investigate the irregularities of 
Uranus ; early in September 1846, the new planet had fairly been 
grappled. We find Sir John Herschel remarking: ''We see it as 
Columbus saw America from the shores of Spain. Its movements 
have been felt trembling along the far-reaching line of our analysis with 
a certainty hardly inferior to ocular demonstration." 

On the 29th of July 1846, the Equatorial at Cambridge was first 
employed to search for the planet in the place theoretically assigned to 
it, by Mr. Adams. M. Leverrier's theoretical researches were published 
on the 31st of August, and his 
letter to the Berlin astronomers 
pointing out where he expected it 
would be found, was received on _ 

the 23d September, his theoretical ^ lu.-Appa^nt dinren.ion» of the duk of 

place and Mr. Adams' being not Neptune at its mean and extreme distances 

1° apart. There, thanks to the ™ 

Berlin star-maps, which the English astronomers had not received, Dr. 

Galle found the planet the same evening. 

We need not now refer to the unfortunate, though perhaps necessary, 
discussion as to the comparative merits of these two astronomers, which 
almost clouded the brilliancy of their discovery. Let us rather look 
upon the work of each as a stupendous triumph of intellect, and the 
result to which the labours of both have led us as one which for ever 
establishes the theory of universal gravitation.] 

In the words of Arago, '^ Such a discovery is one of the most brilliant 
manifestations of the exactitude of the system of modem astronomers. 
It will encourage our most eminent geometers to seek with fresh ardour 
the eternal truths which remain hidden, as Pliny expresses himself, in 
the majesty of theories." 

Neptune is invisible to the naked eya In telescopes it has the aspect 
of a star of the eighth magnitude. Its apparent movement is extremely 
slow ; but, as the orbit which it describes round the Sun is so immense, 
its real velocity is nevertheless considerable ; it is about 12,000 miles 
an hour. 

Ijike all other planets, it is sometimes nearer and sometimes farther 
from the Earth. At the time of conjunction it is distant from us, on 
the average, 2,837,500,000 miles, whilst its minimum distance at 
opposition is less by 183,000,000 miles. The apparent dimensions vaiy 
in inverse ratio, their limits are shown in fig. 114.* 

Tlie real dimensions are somewhat considerable, and in virtue of 
them Neptune is the third planet of the S3r8tem. Its diamter is 4*72 
times greater than the diameter of the Earth, or 37,000 miles. The 
volume of the globe of Neptune is 105 times. 

* This disk has not yet presented any perceptible trace of flattening, neither can 
any spot be dlstingnished on it, so that the time of its rotation remains unknown. 
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If we turn to fig. 2, page 13, we sbsll Bee to what small dimenBions 
the apparent diameter of the Sun u reduced, aa seen from Neptnnei 
The intensit]' of the heat and light received hy that planet k hut little 
more, at that enonnoua distance, than the thongandth part of that 
received by us. But aa notlung is known 
of its physical and stmoepheric conditiona 
or of its rotation, nothing can he deter- 
mined on the climatic conditions of the 
planet 

At a distance nearly equal to that of 

the Moon from the £arth, that is to say, 

abont 220,000 miles, a satellite revolves 

round Neptane, in a nearly circular orbit, 

in 5 days 21 hours 8 minutes:* this 

I'm;, iia— Nt|tiuiicuiiitiisButb: li^ enabled astronomers to calculate the 

coDipuuiva diDKuioiu. mass of the primary. It was discovered 

by Mr. Lassell. It is equal to nbont the yt^tit'^ P^'^ °^ ^^ mass of 

the Sun, or to 21 times that of the earth. Hence, the density of the 
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matter of which Neptune consists is less than the fourth of that of the 
Eai-th, or nearly equal to the density of nitric acid, and a little less than 
that of BesrWater. From this point of view Jupiter is the planet most 
analogous with this body, whilst the force of gravity at its surface is 
about the same as on Saturn and Uranus. 

* ObaerTcn have alio inugiiied that Keptone ia ■omnmded b; a ring ; but it ii 
noiT certain ttiat this appearance, which was alao inspected in Uraniu, mutt be c<m- 

sidered an ojitical illusion. 
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COMETS. 

The name of " Comet " for the most part gives rise to the idea of a body 
of curious form, accompanied with a luminous train, travelling capriciously 
through space, appearing suddenly and disappearing in like manner, and 
at once astonishing by its strange aspect both learned and vulgar. This 
manner of distinguishing comets from other celestial bodies is no longer 
strictly accordant with the discoveries of science, which has succeeded 
in discovering the laws of their movements, and in assigning to them 
their true place in astronomical classification. 

It is now proved that most of the observed comets, if not all, form 
part of the Solar System, and that if they are distinguished from the 
principal and secondary planets, it is by characteristics entirely different 
from those which are ordinarily assigned to them. 
«Let us see what these are. 



THE SOLAS SYSTEM. 



Aipaet of Comets— HMd ; Nncleiu ; Taili, limple and multiple— How Conuti an dia- 
tlngnished from the other bodies of the Solw Syrtem — Forme ud locliiutiani of 
their Orbiti ; Direction of tluir Morementa. 

If we refer to the etymology of the vord, " comet " signifiM a hairy body. 
MoBt frequently, indeed, a comet appears as a star, the nucleus of irhidi 



Fig. 117.— 1. TilUsB Comet a. Hetd vlttiant till or nnclnu. 

is surrouDded with a nebulosity more or leas brilliant, to which andent 
astronomers gave the name of hair. 

Independently of this nebuloBity, the body is frequently accompanied 
by a tram, the length of which varies in each comet, or in the same 
comets at different times ; this luminous train is called the taU. The 
form of the head and its apparent and real dimensions, and tiie form 
and dimensioDS of the tail, are extremely variable, and, indeed, comets 
have been seen with two or even several tails. 

But the nebulous aureola and luminous nucleus which generally form 
the head of the comet, and the single or multiple train with which the 
head is accompanied, cannot be considered absolutely as specific 
characters, seeing that bodies without these characteristics would be 
required to be ranged in a different category. 

There exist, in fact, some comets deprived both of tail and nncleos ; 
such is the one represented in the right hand drawing of fig. 117, which 
consists, as we see, of a simple rounded nebulosity,* Others, like that 
represented in the first drawing in the same figure, possess a naclens 
surrounded with a nebulosity, but no tail. 



* We (hiU deecribe farther on the nebalaug appearanMS entirelr distinct ft«in 
comets ; these sre the tubulie, pi«p«rly «o called. The difference between them is, 
that whereas the nebulie retain a fixed position, the comet movet more or lesi rapidly 
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Nor is the nebulous character of the head always constant ; comets 
hare been observed which have presented the appearance of stars, with 
which, indeed^, they have been confounded. The astronomical history of 
the last century offers a striking example. When Sir W. Herschel, by 
the aid of his powerful instruments, discovered in the distant regions of 
the solar system the planet which now bears the name of Uranus, be 
first mistook: this body for a comet. Still, there was^no trace of nebu- 
losity to mislead the illustrious astronomer of Slough. His opinion was 
founded upon a rough determination of its orbit 

But it is right to say that, among the numerous comets observed up 
to the present time, either 
with lie naked eye, or by 
means of telescopes, the 
majority are distinguished 
by a nebulosity surround- 
ing the nucleus, and a 
great number, especially 
of the most brilliant ones, 
possess a luminous train 
or tail With others, the 
tail, displayed fan-like, is 
divided into many 
branches, as if the body 
had in reality several dis- 
tincttails. PlateXIII.and 
fig. 118 give an idea of 
the varied forms of these 
cometary appendages. 

This diversity of as- 
pect will, perhaps, some 
day, enable astronomers 
to class comets into gen- 
era, speciee, and varieties, "» "s-c™^ ^X'^SST"'" '^•"' '"^ 
and will doubtless facili- 
tate the perfection of the theory of the phenomena whicli these bodies 
present, which is still so obscure. 

Comets, as we have said, form part of our Solar System. Like the 
planets, they revolve round the Sun, traversing with very variable 
velocities extremely elongated orbits ; the form of the cometary orbits 
furnishes us with the first of their speciiic characters. 

Whilst the planets now known move in nearly circular, closed curves, 
and thus remain continually visible, if not to the naked eye, at least with 
the aid of telescopes, most of the comets revolve round the Sun either 
in extremely elongated ellipses, or in infinite curves, or at least in curves 
which appear so. Hence it results that comets are observable only in 
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a very limited portion of their paths, that is, when they approach near- 
est to the Sun and EartL Moreover, as the period of their revolatioiis 
increases with the departure of their orbits ^m a closed curve, it has 
only been possible to determine the return of a very small number of 
these solar satellites. There are some, which, judging by what we know, 
will never revisit our system. 

In fig. 119 are represented the three kinds of orbits described by 
comets. 

The first, of oval form, having the Sun for its focus, is the elltpse. 
It is a closed or re-entering curve. Although elongated, it is clear that 




Fig. 119.— Form of cometazy Orbits. 

the body that traverses it must return periodically, to the Sun, at epochs 
more or less distant. 

The second is of a form very analogous to the ellipse, but it is dis- 
tinguished from it by the fact that its two branches constantly get farther 
apart, and therefore never join. This is the parabola; but it is quite 
possible that those comets the orbits of which appear parabolic really 
describe extremely elongated ellipses, and that this form is taken for the 
parabolic one during the period of visibility of the body, in consequence 
of this similarity; but on this hypothesis, the period of revolution. 
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necessary to give rise to this confusion, must be so great, that a return 
can never be proved ; still, strictly speaking, a return may take place. 

It is another matter, however, when the comet describes the third 
kind of orbit, to which geometers give the name of hyperbola. The 
two branches of the hyperbola not only are infinite, but they are dis- 
tinguished essentially from the ellipse, as the branches depart much 
more from the reentering form which characterises an ellipse, with 
which form no portion of the hjrperbola can be confounded.* 

Several comets move in orbits of this kind, so that, after having once 
formed part of our solar system, they go away for ever, seeking perhaps 
in the depths of the heavens another Sun, which they will afterwards 
abandon as they do our own. Among the elliptic cometary orbits now 
known, that which the nearest approaches the circle is much more elong- 
ated than the planetary orbit 
which departs from it most 
In fig. 120 are given, on the 
one hand, the most excentric 
of the planetary orbits, and, 
on the other, the least excen- 
tric cometary one, so that this 
difference may be appreciated 
by the eye. 

Thus comets are distin- 
guished from planets, in the 
first place, by the extreme 
elongation of the curves which 
they describe round the Sun. 

There are two other cha- 
racters which are not less im- 
portant than this : these are, 
firsts that the inclinations of 
their orbits, instead of being 
contained, like those of the 
planetary orbits, within small 
limits, take every possible valua Hence comets traverse the starry 
vault in every direction, different in this from the other bodies of the 
solar system, the apparent paths of which never vary much from the 
narrow zone known under the name of the Zodiac. 

Lastly, the direction of movement is sometimes from west to east, 
sometimes in the contrary direction, or, if we recall the signification of 
these words, sometimes direct^ sometimes rdrograde. Now the funda- 

* [Or rather, though the form of a hyperbola near the vertex closely resembles 
that of an ellipee near the extremity of uie minor axis, yet the motion of a comet 
even near the vertex of a hyperbolic orbit cannot (when its velocity is considered) 
be confounded with the motion in any elliptic orbit. — R A. P.] 

R 




Fig. ISO.— GompariBon of the excentridty of the 
planeuury and cometary orbits. 
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mental fact should be ever present in our memory, that all the planets 
move in the same direction — ^that is to say, from right to left, or from 
west to east, to an obsenrer placed on the northern side of the plane 
of the ecliptic. 

Such are the essential differences which render comets a peculiar 
family of celestial bodies, and a most interesting one in the double point 
of view of their movements and physical constitution ; indeed, they 
give to the solar group, already so varied, an incomparable richness. 



11. 

Periodic Comets — Halley's Comet : its retom in 1759 and in 1835 — ^Encke*8 Comet of 
Short Period : Acceleration of its Movement — Division of Gambart's Comet — 
Elements of the Principal Periodical Comets. 

In spite of the oft-renewed protests of astronomers, a singular reproach 
is often launched against them. When a comet, visible to the naked 
eye, appears in the sky, attracting notice on all sides by its brightness 
perchance, or the length of its tul, a number of people are astonished 
at the carelessness or ignorance of astronomers in having failed to pre- 
dict it We shall, therefore, now show how it happens that they are 
unable to predict, except in a few instances, the approach of a comet, 
as they do the position of a planet or the phenomena of eclipses. 

AU comets, as we have seen, have the Sun for the focus of their 
movements, and all describe a curve round it — an orbit, the concavity 
of which is always turned towards the Sun. But, as we have also 
stated, most of the cometary orbits are so elongated, that they appear 
to be parabolic, the branches of which are infinite ; others, again, are 
hyperbolic What must we expect, then, in the case of comets which 
describe such orbits ) Either they will never return to us, the immense 
distance to which they travel from the Sun perhaps carrying them into 
the sphere of attraction of some other system ; or if they do return, it 
will be at an enormous interval of time, perhaps after a lapse of 
thousands of centuries. 

Thus most of the comets observed visit the celestial regions occupied 
by our world for the first time, or, if they have already been with us, 
their visit happened at periods so remote from ours that no human 
observation has been handed down to us, even if man then existed on 
the EartL On these hypotheses the impossibility of a scientific pre- 
paration is evident: we must observe a comet and ascertain the 
elements of its motion, before we are able to predict its return. 

A certain number of comets, it is true, move in closed orbits — in 
ellipses. Among these we distinguish the comets of short period firom 
those the revolutions of which occupy centuries — ^the anterior observa- 
tions of which are unknown, or so confused, that it is impossible to base 
any calculations on them. Of these, however, science has also predicted 
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^ the return, if not on a given day, at all events between certain limits. 

'-' But in the case of the periodical comets of short period, their move- 

^ ments are known to a precision which permits the return to be easily 

announced, and we can predict for any given day and hour the various 
^ places they will occupy in the starry vault. 

Let us enter somewhat into detail. 

The first of these comets, the periodicity of which has been well es- 
tablished, both by observation and calculation, bears the name of Halley, 
an English astronomer of the seventeenth century. It is to him that we 
owe, in fact, the identification of the comet of 1G82 with those of 1531 
and 1607, and the prediction of its return of the comet of 1758, or the 
beginning of 1759. The event justified the prediction. This was not 
all ; at this latter period cometary astronomy was elevated at once to a 
state of perfection comparable with that of the other branches of the 
science. A French geometer, Clairaut, calculated the effect of perturba- 
tions of the two large planets, Jupiter and Saturn, in the vicinity of 
which the body was expected to pass, on the path of the announced 
comet. He assigned a delay of 618 days; 100 due to the action of 
Saturn, 518 to that of Jupiter. 

The return of the body to its perihelion was predicted, therefore, to 
occur in the middle of April 1759, with an error of a month more or 
less, the uncertainty arising from the neglect of some terms in the 
calculation which Clairaut, pressed for time, omitted. It actually 
returned to perhelion on the Idth of MarcL 

Since then, in 1835, Halley's comet reappeared in our regions of the 
sky, but this time its passage^was predicted with such precision, that there 
was only three days' difference between calculation and observation. 

The form of the orbit of Halle/s comet is shown in fig. 121, which 
also gives those of the other comets of short period at present known in 
our system. This orbit, too elongated to be represented in its entire 
development, is shown in Plate L, where it is seen that at its more distant 
point from the Sun it reaches beyond the orbit even of Neptune. The 
comet requires more than 76 years — 27,866 days — ^to traverse this 
immense curve. We also see that in consequence of one of those cha- 
racteristics which especially distinguish such a body from the planets of 
the solar system — ^the elliptical form of its orbit — Halley's comet is 
sometimes nearer to the Sun than Venus, within, indeed, a distance 
which does not exceed 54,000,000 miles, and sometimes it recedes from 
the focus of heat and light to a distance 60 times more removed — a 
distance exceeding 3,100,000,000 miles. 

These enormous variations in distance would lead us to suppose most 
astonishing differences in the quantity of light and heat received by the 
comet from the Sun. And, in fact, the intensity of these physical agents 
varies in the ratio of 3000 to 1, or, as it may be put, the Sun^s light 
and heat arrive at the comet with a force 3000 times more considerable 
at-perihelion than at aphelion. 
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Halley*s comet moves from east to west in a plane inclined to the 
orbit of the Earth the fifth part of a right angle. In Plate XIY. are 
represented the various appearances assumed by it in 1835, both in its 
general aspect and in the portion of it surrounding the nucleus. 

Following the order of discovery, we must next describe Encke's 
comet 

Invisible to the naked eye, it appears in the telescope under the form 
of a nebulous mass, nearly sphericd, and without either tail or nucleus. 
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Fig. 121.— Orbits of the periodic Cometa. 

It is a singular fact that the head of this comet varies both in form and 
dimensions at the same time, and it is at its nearest approach to the Sun 
that its volume is smallest 

Of all the comets, the periodical return of which has heefa demon- 
strated, this comet accomplishes its revolution round the Sun in the 
shortest space of time, which in the mean is 1205 days, or a little less 
than 3^ years. It moves from west to east in an orbit such that its 
perihelion and aphelion distances are respectively 31,000,000, and 
375,000,000 miles. 



HALLEY'S COMET. (ftoJ.Heneh*!.) 

Lchiu wlUi [he luked eje, Oct S9, ISU. 

Pebniiry IBW. 
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Here, then, is a body which, at each of ite revolutions, penetratoa 
within the orbit of Mercury, and at its greatest distance from the Sun 
surpasses the orbits of the asteroids, and almost reaches that of Jupiter. 
Since 1618, the time of ite discovery, ail its returns to the number of 
fourteen have been regularly observed ; but, singular circumstance, the 
period ofits revolution is constantly diminishliigj so that, if this progres- 
sive diminution always follows the same rate, the time when the comet, 
«ontinually describing a spiral, will be plunged into the incandescent mass 
of the Sun con be calculated. This continued approach has been attri- 
buted to the existence of a reslstii^ medium in the regions of space.* 

Encke's comet is also specially designated by the appellation of tlu 
comet of short period. 



«g. IW.— SobiJiTWon<*a«ail>«rfiC<imet. (Struve.) 

Among the other comets, of which both calculation and observation 
have confirmed the periodicity, bearing the names of Grombart or Biela, 

* It ■pp«ara at first pw«doxi«U to M7 tli>t a Tcsiatance to a moTemcnt can pro- 
dace an acceleration in the time of the sncceuiTe revolutiODS : the first tcndenoj of 
the mind is to see, on the contrary, a cause of alachenin^ ; but with ■ little reflec- 
tion it is eaij to conTince oneteli of the exactitude of the Gnt explanation, or at 
least, of its probabilitf. We hare ehown, in another work {La Mortdet, SIX. 
Canaerie), that acceleration, combined with the third law of Kepler, and the theory 
of universal graritation, is a direct conaequenee of snch a reaiitance. The ezplaaa- 
tion of tliia would here be premature ; we miut refer to the third part of the present 
work, in which an eipoeition of astronomical laws is given. 

Jt is possible that the nebnlona ring which forms the lodiacal light can be the 
medium which accelerates the period of Encke's comet \ Or, asaln, may not the 
same effect be attributed to the perturbations to which the body Is subjected at its 

Briodicsl passage through the regions of shooting stars or the telescopic planets T 
1 theae questions are still eitremely problematical, and it will be understood that 
this is not the place to discuss the various degrees of probabili^ of each of them. 
"We may, however, remark that M. Faye, in attributing to the solar heat a repulsive 
force, has su;;gestad a theory of the physical constitution of comets which accounts 
at once for the form of the appendices of theae bodies, and for the acceleration of the 
lieriod which obaerration has demonstrated for Encke's comet. 
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Faye, De Vico, Brorsen, and others, the first only requires a special 
mention. The latter are all telescopic, and do not offer any particular 
interest in their physical aspect 

This is not the case, however, with Gambart's comet. Discovered in 
1826, its first reappearance occurred in the autumn of 1832, and much 
excitement was cauised by the somewhat premature announcement that it 
must in its passage meet the EartL More precise calculations demou- 
strated, before the event, that the comet would cross our orbit a month 
before our globe would reach the point of passage, and thus contact was 
impossible. 

But the alarm had been sounded. The imagination was excited, and 
the idea of the end of the world— of our little world — occupied numerous 
minds. Even among those who placed confidence in the precision of 
astronomical calculations, there were some who at least feared a derange- 
ment of our orbit. Doubtless, to them, an orbit was something material 
— a metallic circle, for example. " As if," says Arago, in relating this 
curious notion, " the form of the parabolic path in which a bomb after 
leaving a mortar, traverses space, was dependent on the number and 
positions of the paths which other bombs had formerly described in the 
same region. 

Farther on we will say a few words on this question, which some day 
or another may largely interest the inhabitants of our globe — ^we allude 
to the danger and the probability of a comet's contact with the Earth. 

If Gambart's comet did not justify the fears that were conceived, it 
was itself subjected a little later to a strange transformation — ^it sub- 
divided itself into two. lu 1846 it appeared under the form of two 
comets, of unequal size, which gradually separated more and more. In 
1852 the two comets reappeared travelling together, but the distance 
between the two nuclei, which had reached 145,000 miles in 184G, 
then amounted to 1,190,000 miles. 

Astronomical annals have before recorded similar transformations; but 
as they related to comets which have not reappeared, authorities hesitated 
to believe them. Gambart's comet, however, leaves no doubt of the fact. 

We here give some data on the short-period comets to which we 
have referred : — 



Comets. 

£Dcke*s 
De Vice's . 
Winnecke's . 
Brorsen's 



Time of 
reyolutlon in 
years. 
8-29 ... 
6-46 ... 
5-64 ... 
5-68 ... 



Distances from the San. 
Aphelion. Perihelion. 
Earth's as 1. Earth's as 1. 



0-8407 
1 -1874 
07688 
0*6466 
0-8605 
1 -1789 
1 -6868 
0-5866 



4 0955 
5-0182 
5-4998 
5*6464 
6-2011 
5-7497 
5-9878 
85-8660 



Time of next 
return. 

1868, October. 
1866 (?). 

1869, June. 
1868, May. 
1866, January. 

1870, October. 
1866, Feb. 
1910 (f). 



Biela's (or Gambart's) 6*61 .. 

D' Arrest's . . 6-64 .. 

Faye*s . . . 7*44 .. 

HaUey's . 76*78 .. 

All these have their direction of movement the same as that of the 
movement of the planets, that is, from west to east Among the 
periodical comets already mentioned, that of Hallej is the only exception. 



DONATI-s COMET. 
•■ B«Pt«BiMr»4, IMS. 2. Boptoniber afl, 1»» {0 T. B»i) 
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[Besides the comets included in the preceding table, others with periods 
of about seventy years have been discovered. — ^By Westphal (1852); 
Pons (1812); De Vico (1846); Olbers (1815); Brorsen (1847); 
TempeFs comet (1866) has a period of 33|- years.] 

We shall content ourselves with the preceding details of the astro- 
nomical short period of the periodical comets. It remains for ns to 
give some details on these comets, the return of which is either very 
remote or has not been determined 

III. 

Comets of Long Period — Large Conieta visible to the Naked Eye-— Physical Constitatioii 
of Comets ; Mass, Density — Nature of their Light — Danger which might result ftom 
the contact of a Comet — Spectroscopic Observations by Mr. Hoggins. 

Must we accept literally the comparison of Kepler, who affirmed that 
comets are scattered throughout the heavens with as much profusion as 
fishes in the ocean ? Arago, adopting the hypothesis of an equal distri- 
bution of comets in every region of the Solar System, and basing his 
calculations on the number of comets between the Sun and Mercury, 
estimated the number of these bodies which traverse the solar sjrstem 
with its known limits, that is to say, within the orbit of Neptune, at 
17,500,000.* 

Whatever we may think of these hypotheses, observation proves, from 
year to year, that the number of comets is really considerable. Leaving 
mere reappearances out of the question, new ones are constantly found 
to arrive from the depths of space, describing round the Sun orbits 
which testify to the attractive power of that radiant body, and, for the 
most part, going away for centuries, to return again from afar after their 
immense revolutions. 

During the two or three centuries in which comets have been 
observed with care, more than 200 have been recorded. Adding them 
to those noted in ancient annals, we must reckon them at five or six 
hundred, among which there are only about forty of which we have 
been enabled to determine the period of revolution. 

Of this number, five complete their revolutions in periods which vary 
between sixty-nine and seventy-five years. But what shall we say of 
those which take thousands of years to accomplish their circuit, of the 
famous comet of 1 680, the perihelion point of which was so near the Sun, 
that Newton valued its temperature while passing through that part of 
its orbit at 2000 times the heat of red-hot iron ? Its period is about 
8814 years. But there are some longer still; and the period of the 
comet of July 1844 has been estimated at not less than 100,000 years. 
K the calculation is exact, here is a comet the return of which will be 
observed by the astronomers of the year 101,844 ! At a mid date of 

* As early as 1765 Lambert, basing bis calculations on otber data, regarded 
500,000,000 as a rery moderate estimate of those within the orbit of Satuzn. 
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this imtnense period, it will be travelling in space at a distance not less 
than 4000 times that of the Earth from the Sun. 

The velocity of comets, diminishing like that of the planets as their 
distances fi'om the Sun increase, varies between very large limits, and at 
their greatest distance from the central body it is extremely small j thos 
the comet of 1680 scarcely traverses, at its aphelion, more than three 
yards a second ! 

Among the numerous comets observed, there are very few that are 
visible to the naked eye, and a still less number which strike ordinarj- 



ng. lS3.—anat Comet of 1B11, tram ■ dmrlng bj Admlnl Smrth In ttae SjinhImi 

observers by their lai^ dimensions and the brightness of their hgbt 
It is these, nevertheless, which possess the greatest interest, by reason of 
the peculiar phenomena presented by their tails and nuclei — phenomena 
which throw great light on their physical constitution. 

Among the most remarkable comets of by-gone centuries most be 
mentioned the large comet of 1 500, which the Italians sumamed 11 Siffnor 
Aitone; the comet of Charles the Fifth, of 1556, which, according to 
astronomical calculations having already appeared in 1 264, ought to have 
made its reappearance about 1 860, and has not been again seen ; that of 
1686, the bright nucleus of which shone as a star of the first magnitude ; 



DONATI'S COMET. 

1. October S, 1868. i. OctolurB, 1S6S. (Q. p. Bond.) 
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the comet of 1744, with several tails : and that of 1769, which is repre- 
sented, as given in the dra wings of the time, in Plate XIII. and fig. lltj. 
The portion of the nineteenth century alreB4iy elapsed has been rich 
in brilliant comets, visible to the naked eye. We here reproduce some 



rU, 1(4.— Comat ot 1M2. Fonns and poaltloiu oT the luinliioiis ]ata on Aofuat 23. st one 
s'olnck In the morning, and nt nine In the erenlng. 

of the most remarkable ; first, the large comet of 1811, the appeanmce 
of which made an extraordinary sensation. It will not again return 
for thirty centuries. The head measured 108,000 miles in diamfter, 
whilst the diameter of the luminous nucleus was less tlian 400 miles. 
Thatail,ofprodigiouadimetiGions,attained a length of 108,000,000 miles. 

The great comet of 1843 was one of the most brilliant ever observed. 
Not only the nucleus, but a portion of the tail, was visible in full day. 
The tail was besides very remarkable for its length, and still more for the 
uoiformity of its breadtL This is, of all known comets, that which is the 
nearest to the Sun. At the time of its shortest distance from the centre of 
oar system, the nucleus was not more than 450,000 miles from the centre 
of the Sun, and consequently less than 30,000 miles from its surface. 

In these latter years three comets, visible to the naked eye, have 
been the object of the most interesting observations. The most brilliant 
of all, Donati's comet, made its appearance in 1858. Perceived at 
Florence, for the first time on the 2d of June, by the astronomer 
whose name it bears, it became visible to the naked eye towards the 
first days of September, and was soon distinguished among the northern 
constellations by the brightness of its brilliant nucleus, and the magni- 
ficent development of its tail. 

Those persons who were witness to the splendid spectacle offere'l- 
by the ni^ts when this beautiful body was visible, will be able to 
recognise and follow, in Plates XV. and XVI., the aspect of the comet 
at different epochs, and its path across the starry vault. 

In 1861 and in 1862 two other comets were also visible, although 
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inferior in briUiancy to that of 18S8. There will be found iutber on 
(figs. 134 and 1S6, and Plate XVIIL), detaUed representations of tiie 
head and nebulous envelopes of these bodies — details extremely inter- 
esting from a physical point of view. 

The problems connected with the study of the physical constitution 
of comets are numerous and of extreme difficulty. It may be asked, 
in the first place. What is the nature of the matter which composes 
them t or whether this matter be entirely gaseous t or, again, if tdie 
nuclei enclose liquid or even solid particles, and if so what is their bulk 
and their density ; if the tail is of the same nature as the head or 
nucleus ; or by virtue of what influence these singular appendages are 
formed, which, almost unnoticeable when the comet is far &om the Sun, 
are developed as it approaches it, to diminish, and finally di&a|^>ear 
again in the more distant half of its orbit 1 

Next comes the question of the light which renders the comets 
visible in space. Do comets shine with their own light t do they boirow 
their light from the Sun 1 or do they send us rays proceeding from both 
these sources t Again, can anything plausible be conjectured on their 



Fig. lU.— Comet or IStl. Aspect or 

temperature, or on the changes induced upon this element by the pro- 
digious variations of distance which are the consequence of the extreme 
elongations of their orbits t 

Lastly, what is the cause of the modifications to which these strange 
bodies are subjected, not only from one revolution to another, but under 
our very eyes, during the short interval of a single appearance 1 Notonly 
is the tail formed, developed, diminished, and again absorbed, but t^ 
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envelope of the nucleas is subject to the most curious transformations. 
K we look at the drawings (figs. 124 and 125) of the comet of 1862, 
drawings which represent the head of the body at intervals of a day at 
the most, we shall be astonished at the rapidity of the changes of position 
and form of the luminous jets which successively were emitted from the 
nucleus, in a direction nearly always opposed to that of the tail In an 
interval of seventeen days, the able observer to whom we owe the com- 
munication of these drawings, M. Chacomac, was able to distinguish the 
formation of thirteen of these jets, similar to jets of steam, and alternately 
directed towards the Sun and to the east of it, that is to say, in a direc- 
tion opposite to themovementof the comet After each of these emissions, 
the nebulous matter, accumulated at the end of the jet, seemed driven 
back by a repulsive force emanating from the Sun, and then flowed in 
the direction of the tail These phenomena would seem to confirm the 
hypothesis of M. Faye, to which we have before alluded, which attri- 
butes to the Sun, independently of an attracting force by virtue of its 
mass, a repulsive power by virtue of its heat. By means of this hypo- 
thesis, M. Boche has been enabled to account for the variation in form 
of the nucleus and envelopes. 

[We may here remark that these last have recently been specially 
the object of a searching inquiry by the lamented Professor Bond, in 
his most admirable memoir on the comet of 1858. These envelopes, 
however, must not be confounded with the UmhOUungy or outer faint 
veil, which may extend for some distance around the head. They were 
observed to regularly expand outward from the nucleus, and the history 
of no less than seven of them has been recovered.] 

To what forces are these strange phenomena due % 

To these questions of great interest, which, it must be admitted, 
are still very obscure, may be added others which at different times have 
been privileged to captivate the attention of the public. We have seen 
that Gambart's periodical comet was expected, in 1832, to come in 
contact with the Earth. What would have resulted from such an event % 

A century ago, saxam still considered comets to be bodies, the 
impact of which on our globe, or with another planet, would entail the 
mo0t frightful consequences. 

** When the movement of the comets is considered,*' says Lambert^ 
in his Lettres CasmohgigueSj ^* and we reflect on the laws of gravity, it 
will be readily perceived that their approach to the Earth might tiiere 
cause the most woeful events, bring back the universal deluge, or make 
it perish in a deluge of fire, shatter it into small dust, or at least turn it 
from its orbit, drive away its Moon, or, still worse, the Earth itself out- 
side the orbit of Saturn, and inflict upon us a winter several centuries 
long, which neither men nor animals would be able to bear. The tails 
even of comets would not be unimportant phenomena, if the comets in 
taking their departure left them either in whole or in part in Our 
atmosphere." 
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Maupertuifly at the same time, had already described in nearly the 
same manner the catastrophes which the fear of the Earth's contact 
with a comet had led astronomers to imagine. Only, by the side of 
possible inconveniences, he enumerated the advantages that mi^t be 
derived from the distant influence of these bodies, such as changes of 
the seasons into a perpetual spring, the acquisition of new moons, or of 
a ring like that of Saturn. He then adds : " However dangerous might 
be the shock of a comet, it might be so slight that it would only do 
damage at that part of the Earth where it actually struck ; perhaps even 
we might cry quits if while one kingdom were devastate(j^ the rest of 
the Earth were to enjoy the rarities which a body which came from so 
far might bring to it. Perhaps we should be very surprised to find that 
the dSbris of these masses that we despised were formed of gold and 
diamonds ; but who would be the most astonished, we, or the comet- 
dwellers, who would be cast on our Earth 1 What strange beings each 
would find the other ! "* 

At the present day astronomers have abandoned these fears. Not 
only, according to them, is the probability of a shock so slight, that it 
is not worth while to trouble ourselves about such an event ; but, again, 
the mass of comets appear such a small fraction of the mass- of the 
terrestrial globe, that the shock would be quite imperceptible. 

This way of looking at the matter rests on consideration and on 
facts which render it very probable. In 1770 a comet was seen to 
traverse the system of Jupiter, without inducing the smallest perturba- 
tion in the movement of the satellites, whilst the nebulous body itself 
was so much disturbed that its entire orbit was changed. 

[Then again, we have good reason to believe that we actually passed 
through the tail of the comet of 1861, and the only effect observed was 
a peculiar phosphorescent mist.] 

But would it be the same with all comets 1 In our opinion, it is at 
least prudent not to generalise too hastily. If comets exist, the nebu- 
losity of which seems entirely gaseous, and so transparent that small 
stars remain visible through them, there are others, the nucleus of which 
is doubtless very dense, since their light has been strong enough to be 
perceptible in full day, even in the vicinity of the Sun. The mass of 
Donati's comet has been valued by MM. Faye and Koche at about the 
seven-hundredth part of the bulk of the Earth. 

'* That is," says M. Faye, " the weight of a sea of 40,000 square 
miles 109 yards deep ; and it must be owned that a like mass, animated 
with a considerable velocity, might well produce by its shock with the 
Earth very perceptible effects." 

Of the heat peculiar to the comets, and of the nature of the light 
that they emit, very little is yet known. Doubtless, in the vicinity of 
the Sun, the action of the high temperature of the radiant body cannot 
fail to be felt on the exterior strata of the cometary nuclei , and it is 

* LeUre aur la OonUte, (Stivres de 3£. de Maupertuis, p. 203. Dresden, 1752. 
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thus that the formation of the luminous jets which, becoming detached 
from the central mass and acted upon by some unknown force, give rise 
to the tail, may be accounted for. 

On the other hand, it seems proved that the light of the comets is, 
in part at least, borrowed from the Sun. But may they not also pos- 
sess besides a light of their own ) and, on this last hypothesis, is this 
brightness owing to a kind of phosphorescence, or to the state of incan- 
descence of the nucleus 1 Truly, if the nuclei of comets be incandescent, 
the smallness of their mass would eliminate from the danger of their 
contact with the Earth only one element of destruction; the temperature 
of the terrestrial atmosphere would be raised to an elevation inimical to 
the existence of organised beings ; and we should only escape the danger 
of a mechanical shock to run into a not less frightful one of being calcined 
in a many days' passage through an immense furnace.' 

If we enlarge on these considerations, which are merely hypothetical, 
it is not with the intention of reviving the fears or superstitious terrors 
of another age. We but wish to show to what conjectures science is still 
reduced on the problem, so interesting from so many points of view, of 
the phy3ical constitution of comets. 

[The spectroscopic observations made by Mr. Huggins on the light 
of three faint comets show that a certain portion at least of the light of 
these objects is inherent The outer part of each gave a continuous 
spectrum, in which dark lines may have existed, but could not be re- 
cognised owing to the extreme faintness of the light The nucleus gave 
in each case three bands of light, indicating that the substances of the 
nucleus consisted of glowing vapour. In the case of the third comet 
thus examined by Mr. Huggins — that known as Brorsen's — ^the spectrum 
of the nucleus closely resembled, or was in fact practically identical with 
that of carbon as shown when the electric spark is taken through olefiant 
gas. But in what condition the carbon of the comet's nucleus may be, 
in order to account for this result, it is difficult indeed to say. Carbon, 
as we know, is of a remarkably ^* fixed " character, and it seems difficult 
to conceive that the heat to which Brorsen's comet was actually subjected 
at the time could be sufficient to volatilise such an element Mr. 
Huggins remarks that probably the carbon exists in the nucleus in a 
state of excessively minute division. " In such a form," he says, '' it 
would be able to take in nearly the whole of the Sun's energy, and thus 
acquire more speedily a temperature high enough for its conversion into 
vapour." But be admits that the whole subject is full of difficulty, and 
doubtless we must wait until some bright comet shall have presented 
itself for examination with the powerfrd spectroscopic appliances recently 
placed at Mr. Huggins's disposal. Huggins's spectroscopic examination 
of the comet of 1874 (called Coggia's, after its discoverer) yielded results 
resembling those he had already obtained frt>m small comets. But this 
was the first comet whose tail he had analysed. The spectroscopic 
analysis of the various parts of the comet gave the following results: — 
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'' When the slit of the spectroscope was placed across the nucleus 
and coma, there was seen on the instrument a broad spectrum, consisting 
of the same three bright bands exhibited by Comet II., 1868, crossed 
by a linear continuous spectrum from the light of the nucleus. On the 
continuous spectrum of the nucleus/' he proceeds, " I was not able to 
distinguish with certainty any dark lines of absorption, or any bright 
lines, other than the three bright bands. Besides these spectra, there 
was also present a faint broad continuous spectrum between and beyond 
the bright bands. When the slit was moved on to different parts of 
the coma, the bright bands and the faint continuous spectrum were found 
to vary in relative intensity. - When the slit was brought past the 
nucleus on to the commencement of the tail, the gaseous spectrum be- 
came rapidly fainter, until, at a short distance from the nucleus, the 
continuous spectrum predominated so strongly that the middle band 
only, which is the brightest, could be detected on it. We have presented 
to us, therefore, by the light of the comet, three spectra : (1.) The spec- 
trum of bright bands ; (2.) The continuous spectnim of the nucleus ; 
(3.) The continuous spectrum which accompanies the gaseous spectrum 
in the coma, and which represents almost entirdy the light of the 
tail."— R A. P.] 



GENERAL SURVEY OF THE SOLAR SYSTEM. 

We have now terminated our description of the various phenomena 
]>resented by the Solar System. 

We have reviewed successively all the bodies which compose it, from 
the immense central body — ^the fountain-head of heat and light — to the 
most distant planets which its powerful attraction maintains in their 
orbits, and to those vagabond bodies, the comets, some of which perhaps 
visit but once those regions of the sky in which the movements of our 
system take place. 

We are about to quit the system of which our Earth forms part — a 
system so prodigiously vast, when the dimensions are compared either 
with the most gigantic construction of man, or even with the terrestrial 
globe itself, the magnitude of which reduces man to nothingness. We 
shall now launch out into the space, far, very far beyond Neptune, to 
such distances that the Earth, the planets, the Sun itself even, when 
looked back upon, would but appear as luminous points, and the whole 
Solar System would dwindle down to a single speck of light. 

There we shall find myriads of other Suns, other worlds, of which 
the physical constitution, distances, and movements, must also be studied. 
But before undertaking this immense voyage in the infinite^ let us sum 
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up in a few general remarks the more striking features of the Solar 
System, which will constantly serve us for comparison with the other 
systems with which we shall have to deal. 

We have seen how the different celestial bodies which revolve ronnd 
the Sun are grouped. In describing each of them we have given their 
real dimensions, both absolute, and compared with those of our EartL 
Plate XVIII. contains all these comparative dimensions grouped together, 
whence we may gather by a coup (Tceil how much the volume of the Sun 
preponderates over that of all the planets and their satellites put together. 
Calculation shows, indeed, that the solar globe itself contains 600 times 
the united volume of all these bodies. Its mass is still more consider- 
able ; and if the Sun were placed in one of the scales of a celestial 
balance, 750 times the weight of all the planetary masses must be placed 
in the other to equal it. 

We have from the commencement divided the planets into three 
principal groups ; that of the planets of average size, that of the asteroids 
or telescopic planets, and that of the larger planets. A fact which renders 
this division more striking is, that the celestial bodies of which each 
group is formed, not only present a similarity in size, while the distance 
of aU from the Sun seem to obey a law, but other physical analogies 
seem to indicate that they form so many natural families, the members 
of which have perhaps a common origin. 

Thus Mercury, Venus, the Earth, and Mars, have a movement of 
rotation the time of which is nearly equal ; and, except in the case of 
Mercury,* their density is very similar, and the polar flattening is either 
very slight or imperceptible. 

With regard to the inclinations of their axes to the planes of their 
orbits, a condition of things which has an overpowering influence on 
the seasons in each planet, the four smaller planets of which we speak 
most [if we accept the old observations] be divided into two sub-groups, 
Mercury and Venus in one category, Mars and the Earth in the other. 

We know very little of the physical constitution of the minor planets ; 
bat, besides the fact that they are all accumulated in one narrow zone, 
and are all of small dimensions, they possess a family likeness in the 
great excentricity of their orbits, and the generally very great inclina- 
tions of the planes in which they revolve round the Sun. 

We come now to the four larger planets, Jupiter, Saturn, Uranus, and 
Xeptune ; at once we are struck with their much more rapid rotation, 
which we should have predicted from the considerable polar flattening 
of the two first bodies. With regard to the two other planets, Uranus 
and Neptune, we are still in the dark on these points. Their density 
is at most but a quarter of that of the smaller planets, and this is 
almost the case for all the members of the group. 

* Accofrdinff to Encke, the density of Mercury is really much less than that at 
present adoptea ; it is not very different from the density of the Earth. 
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Bnt the other elements do not offer such close analogies. The 
inclination of the axis, small in the case of Jupiter, is larger in the case 
of Saturn, and probably excessive in Uranus. 

But another point of resemblance is, that all these laiger planets 
have a great number of satellites, whilst the Earth alone, of all the 
planets of the system, is accompanied by a single moon. 

The question as to the habitabiUty of the otiier planets of the system 
has been much agitated. It has been asked if only the Earth's surface 
is embellished by the productions of animal and vegetable life, if it alone 
is inhabited and governed by intelligent and sensible beings. 

Astronomy can only indirectly touch on these interesting questions, 
the solution of which will, doubtless, long remain beyond us, alihoogih 
we have seen with what minute care science collects together all the ele- 
ments of the problem, all the data which observation can furmsh on the 
meteorological and physical conditions belonging to each member of the 
solar system. 

Doubtless, if we reason by the analogies which are permitted na, 
there are strong probabilities that most of the planets and their moons 
are inhabited. But what is the organisation of the vegetable and animal 
kingdoms which people them t Of this it is difficult to form an idea, 
in the actual state of our knowledge. 

But is it not probable that the ages of the planets are very different, 
and that, if we suppose that they all must pass through the same 
geological phases, these phases will be far from being the same at the 
same epochs f 



' PLATE XVIIL 



COMPARATIVE DIMENSIONS OF THE SUN. THE PLANETS AND 
THEIR SATELLITES. 



PAKT THE SECOND 

THE SIDEREAL SYSTEM. 



BOOK THE FIRST.-THE STARS. 

Lbt ns imagine a sphere, having the Sun for its centre, the ideal surface 
of which lies at a distance of thirty times the mean radius of the Earth's 
orbit ; this sphere will comprise in its vast extent all the celestial bodies, 
the comets excepted, which periodically effect their revolutions round 
the Son, and of which we have described the movements and physical 
constitution. 

Do other planets exist more distant still than Neptune 1 and do 
the comets of long period which, after having shone once in our regions, 
bury themselves in depths exceeding many thousands of times the dis- 
tance of the Sun from the Earth, really belong to our system f 

These are questions which at present cannot be answered, and for 
the solution of which we must wait, perhaps for centuries. We may, 
therefore, be allowed to regard the sphere which we have just imagined 
as fixing an approximate limit to the dimensions of the Solar System. 

Let us, however, in thought, triple the radius of this sphere ; let us 
giye it a radius of a hundred radii of our orbit, that is, a radius of some 
9,200,000,000 miles, — an enormous distance, which the imagination can 
with difficulty grasp, and which a ray of light would require more than 
eleven dajrs to traverse, in spite of its extraordinary velocity of 186,000 
miles a second ! 

Nevertheless, we shall soon see that this immense line is but a point, 
when we compare it with the dimensions of that part of the universe 
which our sight is able to grasp. The nearest of the innumerable systems 
which people that universe would be removed from the then confines of 
the solar system to a distance two thousand times greater than the radius 
of our imaginary sphere. We could scarcely hope, therefore, that it 
would ever be possible, even with the aid of the most powerful telescopes, 
to make out the physical peculiarities of celestial bodies so immensely 
distant But thanks to some ingenious appliances and to methods of an 
extreme delicacy, the latest investigations have furnished observers with 
a rich series of interesting phenomena. 

The constitution even of the visible universe has thus by degrees 
been revealed ; the distribution of the various bodies, their groupings and 
movements, the intensity and colour of their light, and a thousand other 
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interesting facts, are so many points, the positive knowledge of which 
now surrounds sidereal astronomy with the highest interest 

We are, therefore, about to consider the Heavens as a whole and in 
detail. The knowledge we have acquired of the system to which the 
Earth belongs will be a great help to us in this study, as it will continu- 
ally afford us points of comparison to reason by analogy on other systems. 



THE STARS. 

Scintillation of the Stars — Apparent Fixity of their relative Distances — Number of Stan 
▼isiUe to the Naked Eye— Approximate Number of Stars visible in Telescopes. 

No sight, as we said at the beginning of this work, is at once so awe- 
inspiring and so grand as that of the Heavens on a beautiful night. K 
care be taken to choose as a stand-point for observation an open place, 
such as a plain or the summit of a hill on land, or, again, the open sea ; 
and if the atmosphere, somewhat charged with dew, possess all its tran- 
sparency and purity, we shall see thousands of luminous points twink- 
ling in sJl directions, accomplishing slowly and together their silent march. 
The contrast of the obscurity which reigns on the surface of the Earth 
with the brightness of that resplendent vault, gives an indefinite depth 
to the celestial ocean that deepens over our heads. But let us here 
leave the magnificence of the spectacle, to study it in its most minute 
details. 

Let us commence with the appearances. A character common to all 
the stars is an incessant and very rapid change of brightness, which has 
received the name of scintillation. This is accompanied by variations of 
colour equally rapid, due to the same cause as the successive disappear- 
ances and reappearances. All stars scintillate, whatever may be their 
brilliancy, at least in our temperate regions. But the intensity of this 
luminous movement is not the same in all, and it varies, moreover, both 
with the degree of purity of the sky, the elevation of the stars above 
the horizon, and the temperature of the night 

According to Arago, scintillation is due to the difference of velocity 
of the various coloured rays traversing the unequally warm, unequally 
dense, unequally humid atmospheric strata. Thus, in tropical regions, 
where the atmospheric strata are more homogeneous, scintillation is rarely 
observed in stars the elevation of which above the horizon is more than 
1 5^, or the sixth of the distance of the horizon from the zenith, ^* This 
circumstance," says Humboldt, ''gives to the celestial vault of these 
countries a particularly calm and soft character.** 

As to the planets, they scintillate little or not at all ; it is rare that 
traces of this phenomenon are observed in Saturn or Jupiter, but it is 
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more perceptible in Mars, Venus, and Mercury. This difference suffices, 
in our climates, to afford to those who are not very familiar with the 
configuration of the celestial groups the first means of distinguishing a 
planet from a star. 

Another specific character of the stars is, that their diameters are 
without appreciable dimensions. To the naked eye this distinction would 
be insufficient, since, the Moon and the Sun excepted, the most consider- 
able planets have not sensible diameters. But, while the magnifying 
power of optical instruments shows us the principal planets under the 
form of clearly defined disks, the most poweiiul glasses only show a star 
as a luminous point The distance which separates us from these bodies 
is so great, that there is nothing to astonish us in such a result. 

WoUaston affirms that the apparent diameter of the most brilliant 
star in the heavens, Sirius, is not more than the fiftieth part of a second 
of arc. But let us hasten to say that this result still leaves a good 
margin as to the real dimensions of the star, since, at the distance of 
Sirius, an apparent diameter of this size would represent a real diameter 
of 11,000,000 miles ; that is twelve times the diameter of our Sun. 

Let us add, lastly, that the absence of appreciable apparent dimen- 
sions does not suffice to distinguish absolutely the stars from the planets, 
since a certain number of the latter, as we have before seen, appear in 
telescopes only as simple luminous points. Let us come then to a per- 
manent specific character, the knowledge of which will always prevent 
us from confounding a star with one of the known or unknown bodies 
which form part of our solar group. This characteristic is as follows: — 

The stars, properly so called, preserve among themselves — ^nearly 
enough for our present purpose — ^the same relative distances. They 
form, then, on the celestial vault apparent groups, the configuration of 
which is nearly invariable. Centuries must elapse to show a change of 
form, unless we employ extremely delicate measures. A planet, on the 
contrary, moves rapidly across these groups, to such a degree that, in 
the interval of a night, or at most of a few nights, this displacement 
is very perceptible ; hence the old denomination oi faced stars, in opposi- 
tion to the wandering ones, or planets. 

We must be careful, however, to guard against assigning to this 
word a rigidity which it does not possess, for we shall shortly see that 
the stars really move with a velocity not inferior to that which animates 
the members of our system. Their immense distance is the only cause 
of their apparent immobility, which vanishes when precise observations, 
embracing a sufficient interval of time— some years, for example — are 
made. 

A fact which strikes every one is the great diversity of brightness 
in the stars which people the heavens. All degrees of intensity are 
remarked, from the resplendent light of Sirius to the scarcely percept- 
ible glimmer of those hardly visible to the naked eye. 
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Whence arises this difference of brightness T This qnestioD we can- 
not answer for any star in particular ; but it is easy to imagine tJiat it 
may result from various circumstances, such as their less or greater 
distance, the real and various dimensions of the bodies, and, lastly, tha 
intrinsic brightness of the light peculiar to each. However this may 
be, astronomers, without regard to the unknown causes which may 
influence the intensity of the stellar light, have divided stars into elaases 
or magnUvdea : and when we speak of a star of the first, second, or fifth 
magnitude, it is understood that this way of speaking refers only to the 
apparent brightness, and that nothing is affirmed either as to the real 
dimensions or distance, or even intrinsic brightness.* 

Besides, as the stars, arranged in the order of their brightness, wonld 
form a progression decreasing by imperceptible degrees, the classes 
adopted are themselves conventional and arbitrary. The first six 
magnitudes comprise all stars visible to the naked eye. But the nee 
of the most powerful telescopes brings to view stars of feebler lights 
descending to the sixteenth and seventeenth magnitudes. In trath, the 
progression has no inferior limit ; it extends more and more in propor- 
tion as the progress of the optician's art increases the penetraUng power 
of our instruments. 

To gain an idea of the respective intensities of the light emitted by 
the stars of the first six magnitudes, following the scale adopted by 
astronomers, the following drawing should be inspected ; in it ^e stars 
are figured by disks, the surfaces of which are in proportion to their 
brilliancy. 



Fig. IK.— B*laUMbflgbtii(Hi«tb«*Una(Uisbitiliiiu 

But, we repeat, it most not be thought that the stars ranked in the 
same class are, on that account, of the same brigfatness.t Thus the 
light of Sinus is estimated at four times that of the star Alpha (or «) 
Centauri ; but both, nevertheless, are included by astronomers in the 
number of the stars of the first magnitude. 

* Whst we luve mid of a puticnkr star u not riftoroojly tnie wbon the wbolo of 
the itan tre coundered. The caJcalus of probabilities enablei n% in this tmaa, to 
deduce ^m the brifhtuesa or the stara of a certain size lome inference* on their moan 
distances. We ihall rctnm to this point. 

t [Astronomer* not ontjr claw the atari in magnitadei, bnt tabnlate them in the 
Older of their brifihtnen in each conitellatioii, the principal itar* being denoted br 
the letter* of the Greek alphabet. A atar is described by a Qreek letter, fallowed by 
the name of the conttellatioi] in Latin : thna a, or Alpha Centauii, denotes the 
brighteat itar in the cooitellation of the Centanr. p Ljtk ia the second bri^tcat 
star in the Lyre, and so on.] [The order of briditnea* i«, however, not vsjt strietlT 
adhend t«.~E. A. P.] -t- ". . j j 
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We here give the nameB of the twenty most brilliant stars of the 
two hemispheres, which it is usual to consider as forming the first class. 
They are here arranged in the order of their brightness : — 

1. Siriiu. 11. Acheraar. 

2. Kta (ri) Aigus.* 12. Aldebaran. 

8. Canopus. 13. Beta 09) Centauil 

4. Alpha (a) Centauri. 14. Alpha (a) Crucis. 

6. Arctarus. 15. Antares. 

6. Rigel. 16. Atair. 

7. Gapella. 17. Spica. 

8. Vega. 18. Fomalhaut 

9. Procyon. 19. lieta (/S) Cnicis. 
10. Betelgeii8e.t 20. PoUaz. 

Lastly, Regulus, a bright star in the constellation of the Lion, is 
also ranked by some astronomers in the first magnitude, while others 
only admit in this class the first seventeen stars in the above list. 
These divergences are of no importance. 

Li proportion as the scale of brilliancy or magnitude is descended, 
the number of the stars contained in each class rapidly increases. The 
number of second-magnitude stars in the entire heavens is about 65 ; 
of the third about 200 ; of the fifth, 1 100 ; and of the sixth magnitude, 
3200. Adding these numbers together, we obtain a few over 5000 
43tars of the first six magnitudes, and tJiese comprise very nearly all 
those that can be seen with the naked eye. 

The smallness of this number nearly always astonishes those who 
have not tried to form an exact estimate of the number of stars which 
«hine in the celestial vault on the most f&vourable nights. 

The aspect of the multitude of sparkling points which are scattered 
over the sky makes us disposed to believe that they are innumerable, 
and to be counted, if not by millions, at all events by hundreds of thou- 
sands. This is, nevertheless an illusion. All observers who have taken 
the trouble to make an exact enumeration of the stars visible to the 
naked eye, have arrived at a maximum of 3000 as the mean number 
which can be observed in every part of the heavens, visible at the same 
time, at the same place : this, of course, is but half of the entire heavens^ 

Argelander has published an exact catalogue of the stars visible on 
the horizon of Berlin during the course of the year. This catalogue 
•comprises 3256 stars.:]: According to Humboldt, there are 41i6 visible 

* It will be aeezi, sabBequently, that the brightness of this star undergoes aston- 
ishing changes. 

+ The brightness of this star is variable ; it has recently descended to the sixth 
magnitude. 

t M. Heis (of Munster) affirms that his sight is so penetrating that he can per- 
>oeive with the naked eye 2000 more stars than those catalogued by Argelander in his 
UrnnofMiria Nova. On the other hand, there are many eyes which distinguish at 
most stars of the fifth magnitude, and do not see any of tnose of the sixtlL 

The degree of visibility of the stars to the naked eye depends also on the state of 
the atmosphere, on its degree of purity, and on the altitude of the place. Londoners, 
to be assured of these miferenoes, have only to compare the sparkling sky of the 
country with that which they see through the haxe which almost constantly envelopes 
their ci^. 
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on the horizon of Paris in the whole course of the year ; and « this 
number increases in proportion as we approach the Equator, that is to 
say, in proportion as the double movement of A^ Earth unfolds to hb 
during a year a more extensive portion of the heavens, 4638 stan are 
already visible to the naked eye on tjie horizon of Alexandria. 

We repeat, the maximum number is comprised between 5000 and 
6000 stars for the entire heavens,* including those seen by the most 



Fig. lt!.—t. put at the constilliiUaii oT the Twiiu, M lem throngli ■ tcleMopt-t 

piercing and most accustomed eyes in the best nights for observation, 
\^eo the atmosphere is lit up by the Moon, or by twilight, or, u 
happens in the great centres of popalation, by the illuminaUon of the 

* [In the Britiih Anociatioii Catalogue, which is intended to indnda all ittn 
Tidbla to the naked eye, without exception, there are nearly SODD start marked u of 
rixth mwnitude and upwards. (The catklogue cnntiUDa, however, 8S77 stan in alL) 
Thia catuogiie may be regarded la the most complete vet made, so fu- as the TiiOllt 
stan are concerned. On thia account I hare eelected it as the bMJa of my large Stu- 
Atlaa, which includes all the ESOO stars above referred to,— R. A. P.J 

t This drawing is the reprodnction, on a imall acale, of one of the mapa of tk 
beaatifUl Ecliptic Atlas publiahed by M. Cbacornac 
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houses and streets, the lowest magnitude stars are effaced altogether, 
and the nnmber of those Ttsible is consequently much more limited. 
We may add, in conclusion, that the more decided the scintillation, the 
more easy is it to distinguish very faint stars. 

A word now on the nnmber of stars that can be seen with the help 
of the telescope. Here we shall find the numbers which our imagina- 
tion had erroneously led us to believe are visible to the naked eye. 

According to the illustrious Director of the Observatory of Bonn — 
Argelander — the seventh magnitude comprises nearly 13,000 stars; 
the eighth, 40,000 ; and lastly, the ninth, 142,000. The calculations 
of Struve gjve the total nnmber of stars visible in the entire heavens, 
by the aid of Sir William Herschel's 20-feet reflector, as more than 
20,000,000, But, without, doubt, these approximate numbers are 
much below the real ones. It will be seen, besides, that Uie richness 
of the different parts of the heavens in stars is very unequal The 
bright zone known under the name of the Milky Way alone contains, 
according to Herachel, 18,000,000." 

Nothing is more curious than to examine, both with the naked eye 
and by the aid of a telescope, the same part of the sky. 
There, when the eye scarcely distinguishes a few scat- 
tered stars, the telescope reveals thousands. The two 
figures (127 and 128) will enable those of our readers 
who do not possess a telescope to j udge of the surprise 
experienced by those who make this observation. 

These drawings represent the same part of the con- pib las.— The mimo 
stellation of the Twins. The naked eye is able to see ti™ of th™i^n> 
six stars. Now the same celestial region, seen by the it^^t'ed™! ""* 
aid of a refractor of six inches aperture, contains 3205 
etaiB, varying from the third to the thirteenth magnitudes It appears 
as a perfect mass of luminous points ; and were we to apply to the same 
region instruments still more powerful, the eye would then discover at 
depths, so to speak infinite, stars of all the smaller magnitudes. 

* M. Chscomac coDsideni tbis estunnte as even leaa than the nnmber of stais 
compTised between tlie first and thirteenth magnitudes. "For toy part." he remarks, 
"according to Sir Williain Herschel's gauges, and thoM of the iicliptic CbartB, I 
estimate at 77,000,000 the nambei of stara comprised in the flrtt thirteen magni- 
tndeo, if we teke the mean indicated in the preface to the Catalogue of Beasel's 
Zones, reduced bj Weiss." What Kould the number become if we added to these 
mlready prodigiona estimates all the stars of ^hich the vadons star-clnsters noir 
known are composed t 
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II. 

THE CONSTELLATIONS. 

Gknend Surrey of the Stany Heavens — Constellations visible on the Horizon of LondoD 

— Northern Circompolar Zone. 

Beforb studying one by one the phenomena which the stany heavens 
present to us — before penetrating, so to speak, to the heart of the visible 
universe, to grasp its marvellous structure, and to embrace in thought 
its tremendous extent, it is well to familiarise ourselves with the groups 
of stars such as they are presented to the eye of an inhabitant of the 
EartL The movements with which the so-called fixed stars are en- 
dowed, are effected, as we have before said, with extreme slowness : it 
follows, therefore, that the artificial groups or constellations preserve 
for a long period the same configurations. This constancy of form, 
joined to the difference of brightness of the principal stars^ will enable 
us to extricate ourselves from the apparent chaos produced by so many 
luminous points scattered on all sides on the celestial vault When we 
shall possess, in a manner, a mental map of the sky, we shall be able 
to follow with more interest the particular features which distinguish its 
various regions, which are as varied in reality as they are at first 
uniform in appearance. 

In order to make this survey of the heavens we must choose a 
station. Let it be London. As our globe, by virtue of its diurnal 
movement, completes an entire rotation on its axis in about twenty-four 
hours, it follows that the portions of the celestial vaults visible at oar 
station, will completely defile before us during that time. Twenty-four 
hours, then, would suffice us to make our survey, if the illumination of 
the atmosphere did not efface the stars during the day. The succession 
of day and night, in fact, allows us only to see a portion of the visible 
stars in a given place at the same time of the year. 

Fortunately, however, owing to the movement of the Earth in its 
orbit^ this difficulty disappears. In consequence of this movement^ each 
night shows us fresh stars, whilst those first visible disappear. In the 
course of a year, then, the Earth presents a dark hemisphere to every 
part of the sky — ^to all those parts at leasts which are visible on the 
horison of our station. 

Lastly, it must not be lost sight of, that even then one entire part of 
the celestial vault will ever remain invisible to us Londoners. Let us 
recall what is the effect of the diurnal movement of rotation on the 
aspect of Uie heavens in any given place like London, the station we 
have chosen. A point situated at a certain height above its horizon, and 
towards the north and on the meridian, remains immovable. It is one 
of the poles. Starting from this point in our survey, the stars seem to 
describe, from rising to setting, larger and larger circles, in proportion 
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as they are situated farther from the pole. As long as the lower arcs 
of these circles do not touch the horizon, the stars situated on them 
do not rise or set, and therefore remain constantly visible : these are 
the northern drcumpolar stars. 

Beyond these, however, the circles described plunge partly below the 
horizon ; they increase as far as the equator, on the other (the south) 
side of which the stars describe shorter and shorter arcs. The last ones 
in our survey scarcely rise above our horizon, and when they do, shortly 
set and disappear. 

It follows, then, that there is a zone of stars which never rises above 
the horizon of London, and which remains for ever invisible to all places 
of the Earth having the same latitude. These stars are those which 
surround the southern pole of the heavens, and which an observer 
would become acquainted with by degrees, in approaching the equatorial 
regions of the Earth.* 

The whole of the heavens, then, in our middle latitudes, may be con- 
sidered as forming three zones ; the first always visible at night when 
the sky is clear, whatever may be the time of year, the second visible 
in part only on any given night, the third always invisible. 

Let us successively pass these three zones under review. Let us 
occupy ourselves first with that which is always in sight when the sky 
is clear, on all points of the Earth which have the same northern latitude 
as London. From the mouths of the Thames and Rhine, as far as the 
Southern extremity of Eountschatka, passing by Antwerp, Cassel, Central 
Poland, Orenbourg, Southern Asiatic Russia, and Northern China, in 
the Old World, and the Aleutian Islands, Queen Charlotte's Island, and 
the Southern part of British North America in the New, all the inhabit- 
ants of the parallel of which we speak view the same specti^^le during 
the whole year ; the hour only, at which the various constellations are 
on the meridian of the different places, differs. 

Suppose it midnight, at the end of autumn, near the 20th of De- 
cember; it is the night of the winter solstice. Let us look towards the 

* By virtue of the two movements of the Earth, and of its spherical form, the por- 
tion of the celestial sphere visible in any part of the globe varies with the latitude of 
the place. 

At the Equator the whole sky, both northern and southern, passes before our 
▼iew at night, during the entire year. The two poles lie on the horizon, of which 
they mark the north and south points ; the celestial equator crosses the sky from 
east to west, passing through the zenith. 

In proportion as we travel from the Equator towards one or other pole, the por- 
tioii of the visible akj diminishes even down to the half, for at the poles themselves 
only one-half of the heavens, nordi or south, according to the pole, is seen. The 
celestial equator tiien forms the horizon, and the celestiu pole is in the zenith. 

[A little thouffht will show us that, as seen from the poles, the stars never set, 
they perpetually describe circles parallel to the horizon. At the Equator, all rise 
and set every day ; the movements of the equatorial stars being verticaL In mid 
latitudes, the paths of the equatorial stars are intermediate between these two main 
directions.] 
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norUi. Let UB imagine a circle vhich, touching the horizon at the north 
point, extends somewhat beyond the zenith* The centre of this ideal 
circle will be found a little above a point nearly equidistant between 
the zenith and the homon : it is the Northern Pole of the HesTeni. 
Near this point is seen a rather brilli&nt star of the second magnitode ; 
it is named the Pole Star. As it is important to know how to rect^uise 
this star, the position of which remains nearly invariable during the 
whole course of the year, we will show bow this may be done. 

If we examine fig. 129, we shall find a group of seven stars, six of 
the second magnitude, one of the fourth. It composes a constellation of 
the northern heavens known for ages under the name of the Gkxat 
Bkar. Let UB scan well this part of the sky, whence we shall soon 



^g- 1*9.— The (kr of tb« borlioD of LondSD. Kortbern Cimimpolw cinutelktlaB. 

maike many alignments to help us in our snrvey of the starry heavens, 
■phe seven stars of which it is composed may be divided into two groups, 
the first of whicli, towards the upper part, fonns a quadrilateral, wbich 
is called the body of the Bear, whilst the three lower stars form the taiL 
The two extreme stars of the body are called the j)oiniers.-\- Six of 
the seven principal stars of this constellation are of nearly equal bril- 
liancy, and of the second magnitude. But it is easy to perceive, with 
the naked eye, that the star in the body of the Bear nearest to the tail 
is inferior in brilliancy to the others : it is now, indeed, only a fourth- 
magnitude star, altbou^ in the seventeenth century it was as bii^t 
as its neighbours. . 



■J«>T-J «* 



THE CONSTELLATIONS. 277 

The star in the middle of the tail (or shaft, if we think of Charles' 
Wain) is accompanied, on the left, by a very small star called Alcor, easily 
enough distinguished by an ordinary eye.* The naked eye perceives 1 33 
stars in the Great Bear, amongst which, besides the principal seven, are 
eight stars of the third magnitude, and six of the fourth ; the others 
belong to the two last orders of brightness perceptible to the unassisted 
vision. From the Great Bear let us return to the Pole Star. 

To do this, let us prolong the straight line which joins the pointers 
(so called because they point to it), carrying our eye along this line 
towards the centre of the portion of the sky in our sight when looking 
nortL At a distance of about five times the space which separates these 
two stars we shall find the Pole Star. The Pole Star plays an im- 
portant part in the northern heavens, since, being very near the pole, 
it is, so to speak, one of the pivots of the ideal axis round which the 
Earth executes its real diurnal rotation, and the Heavens their apparent 
one in the opposite direction. It follows, therefore, that it appears 
immovable, and always preserves the same elevation above the horizon, 
while the other stars describe round it circles of unequal size. Thus the 
Great Bear, situated to the east of the pole at the time we have chosen 
for the commencement of our inspection, mounts towards the zenith as 
the night advances. Towards six o'clock in the morning it will be above, 
or to the south, of the Pole Star ; whilst at six in the evening it will 
occupy a position diametrically opposite, below the pole and near the 
horizon. 

As all the stars participate in the movement, it is clear that, as their 
relative positions do not change, the figures of the groups remain always 
the same. This must be well borne in mind. To the west of the Pole 
Star, at the same height above the horizon as the Great Bear, and at 
nearly the same distance from the pole, is seen another group of six stars, 
of which two are of the second magnitude, three of the third, and one of 
the fourtL This is the constellation CASSi0P£A,f which contains sixty- 
seven stars visible to the naked eye. The six which we have mentioned 
form a kind of reversed chair, or a bad W, the figure of which, once 
thoroughly caught, renders this constellation easy to recognise. 

Between the Great Bear and Cassiopea is the Little Bear, of which 
the Pole Star is the most brilliant star. Of the twenty-seven stars visible 
to the naked eye which compose it, there are seven which form a figure 
having a great resemblance to the seven stars of the Great Bear, but 
arranged in an inverse order: the four intermediate stars are seen 
with difficulty. 

Below the Little Bear a series of stars forms a sinuous line prolonged 

* Humboldt affirmed that Alcor could be but rarely seen with the naked eye in 
Snrope. Let oar readers judge of its present brightness for themselyes. 

f By drawing a line from the middle star of the Great Bear (the least brilliant of 
the seven), to the Pole Star/and prolonging it to a nearly equal distance, the star 
Beta O?) Gassiopeae is reached. 
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nearly to the pointers, and terminated at one extremity by a group of four 
stars arranged in the form of a trapezium. This is the Dragon, which, 
among 130 stars viBible to the naked eye, contains only one of the 
second magnitude, and nine of the third 

Cepheus, the Giraffe, and the Ltnx, are three other constellations 
near the pole : the first between the little Bear and Cassiopea ; the 
second opposite the Dragon ; the third on the same side as the second. 
Neither one nor the other offers anything very remarkable, especially the 
Giraffe and the Lynx, all the stars in which constellations are at most 
of the fourth magnitude. 

Among all the stars which, on the horizon of London, never set, the 
brightest is a star of the first magnitude, known under the name of 
Capella in the constellation of Auriga. 

About the 20th of December, at midnight, Capella is near the zenith. 
This remarkable star can be found by prolonging the line which joins the 
two stars of the quadrilateral of the Great Bear, nearest the pole. 
Auriga, which contains sixty-nine stars visible to the naked eye, 
comprises, besides Capella, one star of the second magnitude, and three 
others between the third and fourth. 

In the number of the constellations visible, at least partly, daring the 
whole year, the stars of which, as they surround the pole, have, as we 
have seen, received the name of Circumpolar stars, must be ranked, Per- 
seus, situated near Auriga. It occupies at the time we have chosen, 
a western position, relatively to this latter constellation, above Cassiopea. 
Of eighty-one stars visible to the naked eye, one is of the second magni- 
tude, six are of brightness superior to the fourth. Among these latter 
is Algol, noted for its variable light, alternately passing from the second 
to the fourth magnitudes. We shall speak, farther on, at some length 
on this singular star. 

Before continuing our description of the celestial vault, and of the 
groups into which the stars have been formed, we will say one word on 
the aspect of the Northern Circumpolar Zone. 

We have supposed, to describe it, that the time of observation was 
midnight, on the 20th of December. But it is easy to find the actual 
appearance and the positions of the various constellations for any hour 
of the night or any night of the year. We know that the entire rotation 
of the diurnal movement is effected in twenty-four sidereal hours. In 
six hours, therefore, a quarter of the total movement is accomplished, 
and it therefore follows that a constellation — such as Cassiopea, for 
example— which at midnight is to the left of the pole, was above it at 
six o'clock in the evening, and will be found below it, near the horizon, 
at six in the morning. 
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III. 

THE CONSTELLATIONS (Contikued). 

Our sanrey (oontiniied), Equatorial and Southern Constellations yisible on the Horizon 

of London. 

Let ns return to the stars visible at midnight on the 20th of December. 

This immense zone very nearly embraces half the horizon from east 
to west, passing by the south, and extending in altitude to the zenith. 
It comprises the most beautiful constellations and the most brilliant stars 
in the heavens. It is divided obliquely by the Milky Way. 

Orion occupies nearly the middle view. This magnificent constella- 
tion forms a quadrilateral, higher than it is broad, in the centre of which 
three stars of the second magnitude are arranged in a straight line. 

Two of the stars of the quadrilateral, named Betelgeuse and Bigel, 
are of the first magnituda Betelgeuse is remarkable for the reddish 
tint of its light Among the 115 stars visible to the naked eye, besides 
the two most brilliant, are included four of the second magnitude, and 
five between the second and the fourth. 

In prolonging towards the north-west the line formed by the three 
stars in the belt of Orion — the name given to them — the eye perceives 
a red star of the first magnitude : this is Aldebaran, the most beautiful 
star of the constellation of the Bull. Aldebaran is in the midst of a 
group of small stars named the Hyades, A little farther, in the same 
direction, will be found the Pleiades, so easy to recognise in the heavens 
by reason of the six stars visible to the naked eye, which compose this 
interesting group. The BuU contains 121 stars visible to the naked 
eye below the second magnitude. 

. If now we prolong towards the south-east of Orion, the line which 
has found for us Aldebaran on the north-west, we perceive, near the 
edge of the Milky Way, the constellation of the Great Dog, which in- 
cludes Sinus, the most brilliant star in the two hemispheres, remarkable 
on account of its scintillation and by its dazzling whitenes& 

Towards the west, and nearly at the same height as Betelgeuse, 
shines Procyon, on the other side of the Milky Way. This is a star of 
the first magnitude, and the most brilliant one in the constellation of 
the LiTTLB Dog. Betelgeuse, Sirius, and Procyon form a triangle, the 
three sides of which are nearly of the same apparent length (fig. 130). 
This circumstance enables us easily to recognise these stars. 

Above Procjon, and towards the zenith, Castor and PMim point out 
the Twins, which include, besides these two stars of the first and second 
magnitudes, fifty-one stars visible to the naked eye. Towards the west, 
and by the side of the Pleiades, lies the constellation of the Bam, and. 
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a little below, those of th« WsALK and EridanUS, neither of which, in 
those p&rt8 visible to as in London, contain any stan of the first magni- 
tuda 

But while w« are enumerating and contemplating this bnlliant 
portion of the lieavens, the atars defile acroSB it, set, and disappear in 
the weet, whilst others rise in the east, revealing new constellations. 

Before pasnng these under review, we may mention that the eouthetn 
homon presents the same aspect at the epochs and hours mentioned 



Fls. 1^- — Tbe iiuaveui on the borixm of Loodon. Eqiutoriil ume. Orion. 

22d of March — the vernal equinox — by reason of the Earth's journey- 
ing along its orbit, the part of the heavens opposed to the Sun, and tben- 
fore visible at night, changes progressively. By this movement from 
west to east, we gradually see new Bastem constellations at the same 
hours of the ni^t. 

Thus, by the 22d of March, at midnight, the aspect of the southern 
starry vault has almost entirely changed, and in place of Orion, which 
ie then setting, the Lion occupies the centre. The Milky Way is inclined 
U> the west, and cuts the horiiion towards the north. 

The principal stars of the Lion form a kind of trapedum, the we«teni 
side forming a half-circle like a sickle. It is at the lower extremis of 
the handle of this instrument that Regulu^ a star of t^e first magnitude, 
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whidi is aleo named the Lion's Heart {Cor Luma), shines. Denebda is 
the star situated at the other extremity of the tn^>ezinm. Of the serent^' 
five stars risible to the naked eye in this consteUmtion, irithont counting 
Rt^ulns, there are three of the second magnitude and five of the third. 
'Xlree stars of the first order shine with Regulus in the heltvens visible to 
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US at the time we have chosen. In the Gouth-west, Procyon is not yet 
set Then, at the same altitude as this star, but to the east of the Lion, 
is SpiCA. in the VntOlN, which will soon ascend the meridian ; and, lastly, 
AsctUBUS, the moat brilliant star in the constellation Bootes. Spka, 
jtreturus, and Denebda form the summits of a triangle, the sides of which 
are nearly equal, and of which the line which joins the two latter stars 
forms the ba^, nearly parallel to the horizon (fig. 131). 

Tlie Yiirgin and Bootes are, with the Lion, the most important con- 
stellations in view. The first contains a hundred, and the second eighty- 
five st&ra visible to the naked eye, amongst which sixteen exceed in 
brilliancy stars of the fourth magnitude. Between the Lion and Bootes, 
a cluster of stars lying very near together is perceived : this is Brrbnice'S 
Hair. To the east of Arctnrus, six stars, arranged in a half circle, the 
moat brilliant of which is named Alpketa, form the Northern Crown, 
below which are found the Head of the Serpent and Ophiuchus, 
Lying round Spica, and a little below, towards the horizon, are dis- 
tinguished the Balance, the Crow, and the Cup. The two first con- 
stellations only contain a few stars of the second magnitude. Lastly, 
in the mist on the horizon appear a few stars of the SCORPION and tJbe 
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Ckntaur, coDstelUtiona vhich we sball again meet in our survey of the 
oeleetial lone which BurrQancU the Southern Pole. 

To conclude our examination of the constellatioofi visible on the 
22d of March, at midni^t, we must notice the Hunting Dogs, above 



eastern part of the starry vault, are now at the west. Arctams is 
situated vertically above Spica. The Milky Way, now divided into 
two large branches, rises obliquely from the southern horizon towards 
the north-east 

* We mait here make, with reference to the 20th of Jane, the >une reniaik for 
ax o'clock in tlie ereoing in samiiier as wt have alrettd; done for midtUy : the 
brightneu of the atnioaphnre renden the stars invisible. 
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Three stars of the fiint magnitude shine at unequal heights in three 
different constellations. These are, going from vest to east, Antam, 
or the Heart of the Scorpion, which scarcely rises above the horizon 
near the Milky Way. Afterwards comes Vega, in the Lyre, which is 
nearly in the zenith, and, lastly, at a mid height AUdr, in the Eagle. 

A few words on the constellations now in view. 



R^ ISS.— The Huveni ol tha horizon of Loodon. Tlio Lyr», Bwin, ind Eagli. i 

We have first, to the west of the Northern Crown, nearly in the 
zenith, Hzrcules, which, in a total number of 155 stars visible to the 
naked eye, includes only two approaching the second magnitude, and 
ten between the third and fourth. It is towards a point in this con- 
stellation, as we shall see anon, that our Sun is actually travelling, 
canying, with him all his system of planets, satellites, and comets. 

To the east of Hercules is the Lyre, where we have already noticed 
the brilliant and white Vega, easily recognised by the four stars which 
form below it a little parallelogram. 

Still going towards the west, to the left of the Lyre, the constella- 
tion of the Swan is noticed : this traverses the Milky Way, and its 
most brilliant star. Alpha Cygni, is between the first and second magni- 
tudes. This star forma, with four others of the third magnitude, a Uu^ 
cross, which at this hour is inclined to the horizon, and serves to dis- 
tinguish the constellation to which it belongs. 

Alpha Cygni forms also, with Atair and Tegs, a large isosceles 
triangle, that is, a triangle two sides of which are nearly equal In 
the Swan is found a small star which, though scarcely visible to the 
naked eye, is celebrated in astronomical annals as being the first the 
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distance of vbich has been measured. The Swan contains 145 itus 
peFceptible to the nnaided sight. 

The Fox, the Arrow, the Dolphin, between the Lyre, the Swio, 
and the Ea^le, contain no remarkable star. 

Near the horizon towards the east are perceived the coiutellitiDiis 
of the Waterbkarer and of the Goat ; then, partly in the Milk; 
Way, the Archer. Here we again meet the stars of the Scorpion, 
amongst which is Antares, which will soon disappear under the honion, 
with the four stars with which it fonne a sort of fan. 

Above the Scorpion, Ophiuchus and the Serpent are endrei; 
visible. Four stars of the second magnitude, and seventeen between 
the second and the fourth, are met with in these constellationB. 

And here we finish our stirvey of the equatorial zone of Btars noble 
at midnight at the Buromer solstice. This zone presents the sane 
appearance at the four following epochs : — 

JoDiSOth .... Midnight. 

September 32d . . . Six o'dock in the evening. 

Decambf r 20th . . . Noon. 

March 22d .... Six o'clock in the morning. 

It remains for us, in order to finish our description of the stars visible 



Pig. IU.—ThaH«Teu of UKborimn or London. Eqi»torfiI lone. 

above the horizon of London, to pass in review the constellations of tht 
equatorial zone, as they appear at midnight at the autumnal equinoi. 
If at that time — the 22d of September, at midnight, — we tnni onr 
eyes towards the south, we embrace in our view all the r^on of the 
sky which extends from the west to the east as far as the zenith. 
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In the west appears Atair, in the Eagle, and higher up the Swan ; 
at the east^ the Pleiades, and the Bull, in which constellation shines 
AldebanuL Orion, already partly visible, will soon mount above the 
horizon. We have surveyed, between December and September, three 
quarters of the sky, which have defiled before our eyes, or rather the 
whole starry vault, if we include the stars now visible. 

Towards the middle of the heavens, a little nearer the zenith than 
the horizon, lies a large square of four stars, three of which are of the 
second and one of the third magnitudes. Close to this, and on the east- 
em side, are three other stars of the second magnitude, about the same 
distances apart ; these make of the square which we have mentioned a 
much more extended figure, having a great resemblauce to the group of 
the seven principal stars of the Great Bear. Of these seven stars, three 
belong to the constellation of Pegasus, three to Andromeda, and, lastly, 
the most eastern one is no other than Algol, the variable star in Perseus. 

Andromeda and Pegasus contain between them 191 stars visible to 
the naked eye, amongst which twelve only exceed the fourth magnitude. 

Between the square of Pegasus and the Bull we meet with two con- 
stellations, the Fishes and the Eam: this latter contains only two rather 
brilliant stars, situated at nearly equal distances from the Pleiades and 
the two eastern stars of the square of Pegasus. Below the Fishes and the 
Bam is the Whale, some of the stars of which are below the horizon. 

Among ninety-eight stars visible to the naked eye in this constella- 
tion, six are between the second and fourth magnitudes, and two of the 
second. 

Among the first, one is very remarkable on account of the periodical 
variations of its brightness, which sometimes cause it to appear as a star 
of the fourth magnitude, and sometimes efface it sufficiently to render 
it invisible ; this is 3Iira (the marvellous), or « Ceti. 

To the west of this constellation, we again find the Waterbearer and 
the Goat, then, quite to the south, and touching the horizon, the stars 
of the Southern Fish, amongst which we may distinguish, if the atmo- 
sphere be pure, and terrestrial objects do not intervene, Famalhaut, a 
beautiful star of the first magnitude. 

The zone, which we have passed under review, offers the same 
aspect at the following epochs and hours : — 

September 22d . . . Midniffbt 

December 20th . . . Six o'clock in the evening. 

March 22d .... Koon. 

June 20th .... Six o'clock in the morning. 

Let us add, in terminating this rapid review of the southern part of 
the sky visible in London, that the figures which have helped us to re- 
cognise the different constellations may also be used at other epochs of 
the year, and at other hours of the night. Only, the stars still preserv- 
log the same relative positions will be diversely inclined to the horizon. 
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The mora the hoar is advanced beyond midnight, then the more will the 
weatem stars have disappeared, while more new stars at the east will 
be seen. This constant change, which results ^m the diumsl move- 
ment of ^e Earth, will be produced in the same manner, if we pass from 
one d&y to the other, or from one month to the foUbwing one, ho that 
at the same hour of the night the stars successively visible in the same 
part of the sky are situate in constellations more and more eaateni. 

' We have already said that this second > 

starry vault is due to the translation of the i 

efiected with great slowness, Thus, for t , 

wliich requires six hoars of dinmid rotat i 

months of annual revolution. 

IV. 
THE CONSTELLATIONS 



From the northern hemisphere of the Earth, where we have been placed 
until now to observe the Btarry vault, let us transport ourselves to the 
southern one. Let us choose a place, the distance of which from the 
Equator is precisely the same as that of our first post, that is to say, one 
situated on the ptu^lel which passes through the antipodes of London. 
Let us Buppoee ourselves, for example, placed on a part of the coast of 
Patagonia, near to the south point of South America. There, all the 
stars forming the Northern circumpolar zone, which on the parallel of 
Paris never set, would be constantly invisible. Looking away from the 
Equator, that is to say, towards the North, we shall see pass before us, 
from one end of the year to the other, all the constellationa of the 
equatorial zone which we have just described. 

But the stars will here be found arranged in an entirely inverse order, 
at least relatively to the horizon ; so that the two stars of the great 
quadrilateral of Orion, which in London farmed the base, appear aa the 
upper side ; Sinus, which appears in the northern hemisphere to the left 
and below Orion, will be here found to the right, and higher on the 
horizon. This change of aspect is easily explained by the complete change 
of the observer's position. But if we look soathwatds, we shall be able to 
observe a number of stars unknown to the terrestrial Eone widch extends 
from the parallel of London as far as the northern pole. Theu are the 
constellations which surround the southern pole of the heavens, and 
which never set on our new horizon. If^ then, we pass in review this 
zone, we shall have terminated our description of the whole oeleatial 
vaoltL 

Let OS choose the 20tb of December, the period of the vrinter solstice, 
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— th« commeucemetit of the warm season in the southern hemisphere. 
It is midnight, and the perfectly pure atmosphere permits us to contem- 
plate tiie sky in all its splendour. The Milky Way, ramified into diverse 
branches, risea slightly inclined on the horizon, on the left, that is, the 
eastern side. But what at first most strikes us in the celestial picture 
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spread out before us is the multitude of brilliant stars vhich follow the 
conrse of the Milky Way as far as the zenitli, and, passing over our 
heads, go behind us, to rejoin Sinus, Procyon, Aldebaren, nearly on the 
northern horizon. 

Let us begin by the constellations which compose this glorious girdle. 

Nearly at the height of the pole, four stars, one of which is of the 
first, and two of the second magnitude, form an elongated figure lying 
parallel to the horizon. These are the principal stars of the Southern 
Cross — the Pole-star of the South. 

Below the most brilliant star of the Cross, and between two branches 
of the Milky Way, two stars of the first magnitude point out the great 
constellation of the Centaur, in which the eye perceives five stars of the 
second magnitude. The Centaur extends to the east and north of the 
Cross, which it nearly entirely surrounds. We shall in a future chapter, 
have occasion to speak of the brightest star of this constellation, which 
is not only remarkable for its light ; we shall see that it forms a system 
of two suns, revolving one round the other : and also that it is the near- 
est to us among the stars the distances of which have been measured. 

Below the Centaur, and near the horizon, appear a great number of 
Stan of the third and fourth magnitudes, which form the constellation 
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of the Wolf. One det&ched bnuich of the Hilky Way traverses Uie 
Wolf, and is lost ia the Scorpion, of which only a few stars have riaen 
at this hour above the horizon. 

The Altar and Southern Trunqle, which lie along the MOky 
Way in looking towards the pole, and in which there is nothing remark- 
able to notice, bring us back, above the Cross, to the magnificent coa- 
Btellation of the Ship, or Aroo. Here a multitude of bright stan, 
arranged round the pole, give to this region of the sky an incomparable 
splendour. Canoptis, looked upon in old times as the most brilliaDt star 
in the celestial vault after Sirius, is at this hour close to the senlUi and 
nearly in the meridian. 

From the ship we pass, without meeting any remarkable constella- 
tion, by tlie Flyixo Fi3K, Dobaous, and the Reticule, and we arrive 
at Eridanus, of which we have already noticed the part visible at 
Londoa It is at the extremity of this constellation, nearest to the pole, 
that Achemar, a beautiful star of the first magnitude, shines. To the 
right of Achernar, three stars, one of the second, the two others of the 
third order, form the Ph<enIX, below which, returning to the horizon 
and to the meridian, are found Tuican, the Ciiank, the Indian, and 
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the Pbaoock. Two atara of the second magnitude, and some of the 
third, distmguish these constellations, the positions of which can be 
exactly recognised in figs. 135 ind 137. 

In this enumeration of the circumpolar constellations of the South, 
we have said nothing of the stara situated at the Pole itsel£ The reaaiMt 
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is simple ; there are none deserriog inentiori, and, with the exception 
of the star /3 Hydra, none approacli the third magnituda 

There is not, then, in Uie southern aky, an; star analogous to 
Polaris in the northern heavens. But we have already seen that this 
poverty of the polar regions is singularly compensated by the nomber 
and brightness of the stars which entirely surround the zone which we 
have just described. 

Let ua add, that outside the Milky Way, and in the vicinity of the 
least brilliant parte of the zone, appear two objects which give to the 
starry vault a very singular aspect ; they are two whitish clouds ot 



pig. UT.— BUn iBTlalUe M Lnndon. SoaOieRi ClroumixiUr maa. 

unequal size, which seem, at first sight, detached portions of the Milky 
Way itself; these are the Gr£AT AND Little Clouds which astrono- 
mers still designate under the popular name of Magellanic Clonds. 
We shall subsequently describe in detail these carious appearances. 

Now that the appearance of the sky is known to us, we will 
examine into it a little more closely, and study in detail these tiiou- 
sands of fires, these suns and groups of suns, which the telescope 
multiplies with such an astonishing profusion. 
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DISTANCES OF THE STAE& 

Diitanoei of some Stan from the Earth— -Time required by Light to reach the neanet 
Stars — ^A roagh sketch of the Dimenaioiis of the Visible Unirerse. 

Thk stars are suns. 

Each of those luminous points, which the unassisted sight reveals 
to us by thousands on the vault of heaven, which the telescope shows 
by miUions in the depths of space, shines with its own light, Each 
star is a focus from which, doubtless, bodies analogous to the planets 
of our own system, and forming with their central sun a system similar 
to ours, receive light and heat. The stupendous conception, which 
affirms the whole visible universe to consist of an almost infinite multi- 
tude of suns, is no longer a gratuitous hypothesis, or a simple conjec- 
ture ; it is one of the most firmly established truths of astronomy. 

The data which science now possesses relating to the immense 
distances of the stars, of those even nearest to the Sun, place the 
fundamental fact, that each star is a light-source, and does not shine 
with radiance borrowed from the Sun, beyond all doubt. 

We will in this place go over the evidence on which this assertion 
depends We shall, by and by, endeavour to give an idea of the 
methods which have furnished it. 

As long as we were dealing with our own system, we found it 
possible to express the various distances by taking the diameter of our 
own globe as a standard measure — ^as a unit. Thus we found the mean 
distance from the Earth to the Sun to be about 11,500 Earth diameters, 
or 91,400,000 miles ; and the vast distances which separate the Son 
from the planets, situated on the confines of the Solar system, were 
expressed in the same manner. But when, breaking the bounds of 
our Solar system, astronomers wished to measure and to express the 
distances of the stars, even of the nearest among them, they soon found 
that the fonner unit, or sounding-line, vanished into a point compared 
with the immensity to which they had to apply it. 

Nay, even the radius of the terrestrial orbit itself, a measuring-rod 
of some 91,400,000 miles in length — a distance which a cannon-ball 
would require twelve years to traverse — ^was soon found insufficient, 
and still remains so for a great many stellar distances : but the 
improvements continually effected in the methods of observation, and 
in the measuring instruments themselves, have at length enabled some 
of our most celebrated astronomers to measure approximately the 
distances of some few stars, and to tell us how many radii of the 
Earth's orbit they are removed from us. 

The first result obtained was in the case of a star, nearly invisible 
to the naked eye, situated in the constellation of the Swan, and marked 
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61 in the star-maps and catalogues.* The distance of this star, the first 
in the order of discovery, the second in the scale of magnitude, is nearly 
three times as great as that of one of the brightest stare of the heavens, 
Alpha (a) Gentauri, which, according to our present knowledge, is the 
nearest to us of all the stars. 

Alpha Centauri is distant from us more than 200,000 times the 
mean distance of the Sun from the Earth — about 19,000,000,000,000 
miles. The most powerful imagination in vain tries to picture this 
fearful distance ; in vain the mind would heap line upon line, num- 
ber upon number, to bridge the immensity of this abyss. Let us see 
if, by some other means, by images, or comparisons, we can — though 
certainly not with the precision which attaches to numbers — ^appeal 
to our senses to comprehend this fact 

Every one knows with what wonderful rapidity light travels ; the 
light-waves are propagated at the rate of 1 86,000 miles a second. Now, 
a very simple calculation will show that a light-ray, leaving a Centauri, 
will not reach our eye till the end of three years and seven months. 
When, on the surface of our Earth, on this grain of sand belonging to 
the system governed by our Sun, we endeavour to picture to ourselves 
a long distance— a hundred or a thousand miles, for instance — ^it is with 
difficulty we can form an idea of it. We can only represent it well to 
ourselves by associating with the sense of sight the perception of time ; 
we ask ourselves, for example, how many hours or days are necessary 
to accomplish the distance. What is, then, this distance of 186,000 
miles which light traverses in a second 1 This distance is an abyss to 
our imagination. 

But, lastly, supposing we could grasp, as in a bird's-eye view, this 
distance, already so considerable, let us associate it with the short dura- 
tion of a second ; and then let us imagine that a single day of twenty- 
four hours contains 86,400 such intervals : and let us stay to contemplate 
the enormous distance to which the luminous ray would arrive after a 
day's journey — ^it will have plunged into space to a depth seven times 
greater than the distance of Neptune. Still, according to what we 
have just stated, it would not have accomplished the thousandth part 
of its route ; it must continue its course for 1 300 days with the same 
tremendous velocity, journeying ever on during three entire years before 
it attains the nearest star — that brilliant sun of the southern heavens, 
a Centauri. Such, in every direction, are the dimensions of the space 
devoid of stars which surrounds our Solar system. 

And, nevertheless, the stars nearest to us only are here in question. 
From a Lyne, from the sparkling Sinus, light requires more than twenty 
years to reach us ; from the Pole Star half a century is needed. Lastly, 
to traverse the space which separates Capella from the world on which 

* The fame of this first and important determination is due to the illustrions 
astronomer B<»8el. Peters, the two Struves, Henderson, Maclear, Schroter, and 
Wiebmann, have also distinguished themselves in these researches. 
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we live, or, as it may be stated, 400,000,000,000,000 miles, 72 years, 
or a maa's whole lifetime, would be required. 

Shall we endeavour to obtain, from another point of view, an idea 
of these distances 1 Suppose a spectator placed at one of the extrem- 
ities of the line which joins our Sun to a Centauria. At this point, 
the entire radius of the Earth's orbit would be hidden bj a thread of 
a -^ inch in diameter, held at a distance of 650 feet from the eye : 
that is, a line 91,400,000 miles in length, looked at broadside on at 
this distance, would appear but as an imperceptible point 

We give below a table of the principal distances already determined, 
expressed in radii of the Earth's orbit ; they can be converted into miles 
by multiplying them by 91,400,000 miles, the length of that orbit. 

We give also the number of years required by light to travel the 
different distances : 

Radii of Earth's orbit 
a Centaari .... 211,830 



650,920 
1,880,700 
1,875,000 
1,550,800 
1,622,800 
8,078,600 
4,484,000 



Years. 

8-6 

9-4 

21-0 

22-0 

25 

26 
60-0 
72-0 



61 Cygni . 

Ve^ . 

Sinus . 

I Urse Majoris 

Arctorus 

Polaris 

Capella 

[These estimates may for the present remain, though other measure- 
ments have been given for several of these stars. Thus the recent mea- 
surement for 61 Cygni reduce that star's distance in the proportion of 
7 to 1 1, while those for Sirius reduce that star's distance in the proportion 
of 5 to 9. It is, in fact, tolerably clear that, with the single exception 
perhaps of a Centauri, the stars are at distances beyond our present 
means of measurement — R A. P.] 

Other smaller distances are also known, but with less precision ; 
nearly all are still greater than those here given. Kone as yet known 
are less than the distance of a Centauri, 

Thus, if we imagine a sphere having for its centre the Sun, and for 
its radius 200,000 times the mean distance of the Sun from the Earth, 
none of the innumerable stars which we see shining during our nights 
will be comprised within it And, nevertheless, the volume of this ideal 
sphere contains 275,000,000,000 times the entire volume of our planet- 
ary sphere — the radius of which stretches from the Sun to Neptune. The 
comets have here full scope to accomplish their most excentric revola- 
tions, and to describe ellipses bordering on the parabola. 

If we now imagine our Sun plunged in space, to the distance of the 
nearest star, and calculate, according to the laws of optics, what will be 
the reduction of its light, we find that it will but put on the brightness 
of a star of the second magnitude, that it will shine with the brilliancy of 
the Pole Star,and the principal stars in the constellation of the Great Bear. 

It is now understood how impossible it is that the stars can shine by 
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leflected light 9 At the distance at which the nearest of them are from the 
Son they receive from the focus of our world a light the intensity of 
which, as we have just shown, does not exceed that of a star of the second 
magnitude. If each star were a dark body, the light which it would 
receive from the Sun would be at most equal to that received by us on our 
darkest nights, when but a single star pierces through a thick stratum of 
clouds. And even this feeble glimmer would require to again traverse 
the immense abyss which separates the star fit>m the Earth, before it 
reaches us twinkling and brilliant as we see it We might then affirm, on 
this ground alone, which supplies most incontestable evidence, the 
astronomical: truth which we announced at the beginning of this chapter. 
[But there is much more convincing proof to which we shall refer anon.] 

The stars, then, are suns. Each of them is a focus of light and heat, 
and probably the centre of a system which comprises, like ours, planets, 
sateUites, and comets. Each star, in fact, may represent a systeuL 

The distances of some stars being approximately known, is it possible 
to deduce from them their real dimensions, as has been done in the case 
of the planets and the Sun f It is not, and for a simple reason : the 
apparent diameter of the most brilliant stars is so smidl that it defies 
all measurement The finest spider's web, placed at the focus of an 
optical instrument, entirely hides the disk of these bodies. When, by 
the movement of the Moon across the constellations, the limb of our 
satellite reaches a star, the occultation is instantaneous The extinction 
of the light, instead of being gradual, is sudden and complete. This 
fact is not extraordinary, when we consider that the diameter of the 
Stin, removed to the distance of the nearest star, would not measure a 
hundredth of a second of arc, — an angular quantity so small that it is 
entirely inappreciable. 

But if we suppose that the intrinsic intensity of the light be the same, 
for Sirius for example, as for the Sun of our system, we shall arrive at 
pretty dear, if only conjectural, views on the dimensions of this magni- 
ficent star. On this hypothesis the diameter of Sirius would be fifteen 
times that of our Sun ; so that, even in granting to its light an intrinsic 
brightness triple that of the Sun, the dimensions of Sirius would still be 
five times greater, and its volume would be 125 times that of the Sun. 

Doubtless these numbers are below the reality ; doubtless, also, in 
the multitude of worlds, so distant and so different from ours, the most 
varied dimensions distinguish the central bodies and the spheres in 
which their direct action is felt 

So mnch for our first sketch of the dimensions of the visible universe. 
We shall return to this interesting subject when we describe the struc- 
ture of this vast ensemble^ such as tiie most recent investigations in side- 
real astronomy present it to us. 

We shall also consider not only isolated stars, but systems of suns, 
and the series of groups forming clusters more and more numerous, and 
more and more extensive. 
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VI. 

MOVEMENTS OF STAB& 

BUn not immoyable in Space— Measure of tbeir proper Motions : Velocities of some of 

them — ^Translation of the Solar System through Space. 

It was for a long time believed that the stars preserved invariably their 
relative positions ; that they and the Sun also were immovable in space. 
Hence the term fixi^ starSf which has so long been assigned to them, in 
opposition to the wandering ones, or planeU, Modem astronomical 
observation, rendered much more precise by the perfection of the 
instruments now employed, has at length exploded the idea of the 
immovability of the stars. 

Movement is the common law of all bodies. In our Solar system the 
planets and their satellites are endowed, as we have seen, both with a 
movement of rotation round their centres, and with a movement of revo- 
lution round their common focus. As to the Sun, it is now known that 
he also turns on his axis in about twenty-five days ; and, lastly, comets 
likewise possess rapid movements, which carry them to great distances 
beyond the limits of the planetary world. 

More than this, the sun himself moves through space, and draws with 
him all his numerous train, and yet the distances and relative positions 
of the different stellar bodies undergo no apparent change. Member 
of a vaster system, and one still unknown, he describes in thousands — 
in millions — of centuries, perhaps, his immense orbit. 

The same thing holds with all the other suns or stars ; the move- 
ments of a great number among them have been demonstrated, and al- 
ready even we possess some knowledge of the direction and velocity of 
these movements. 

Let us endeavour to show by the aid of a familiar comparison, how 
it IB possible to assure ourselves of these facta 

Let us suppose ourselves immovable in the centre of an extensive 
plain, crossed by roads and railways in various directions, on which 
pedestrians, carria<;cs, and trains, are travelling with various velocities. 
If these moving bodies are near us, they appear to move with great rela- 
tive rapidity. But the more distant they are, the more their apparent 
velocity will diminish, until, when on the horizon, they appear to move 
with a slowness which nearly approaches a state of rest ; at this moment, 
if we examine them with a telescope, their apparent velocity will again 
recover somewhat of the rate it had lost> but only to vanish again in 
proportion as the distance becomes more considerable. 

It is thus with the proper movements of the stars ; at first com- 
pletely imperceptible, they have at length been revealed to astronomers 
furmshed with powerful instruments, and provided, moreover, with 
measuring apparatus of infinite delicacy. It has thus been shown that 
many stars are displaced with unequal velocities and in different direc- 
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tions. But we must not be mistaken in the magnitude of these moTe< 
ments, or think we can detect them in a single observation ; it requires 
indeed, the patient observations of years to establish them. 

Let us quote some examples. 

The brightest star of Bootes, Arcturus, requires a whole centuiy to 
traverse only the eighth part of the diameter of the Moon, a Centauri, 
in the same interval of time, is displaced a quantity measured by the 
fifth of this diameter. Many others move more slowly stilL The most 
rapid movements are those of the star 61 Gygni, the distance of which 
has, as we have seen, been measured, and of two stars of the southern 
heavens, one in the constellation of the Indian, the other in the Ship. 

Nevertheless, these three bodies would each require more than 300 
years to move across the stany vault a distance equal to the Moon's 
diameter. 

Of course it is only here a question of apparent velocity. To deter- 
mine the real velocity, the distances of the stars of which the proper 
motion is measured must be known ; now, tlus element is known but 
for a few among them. 

It has thus been found that Arcturus moves through space with a 
velocity not less than 64 miles a second. We give a table of some of 
the velocities* which have been determined : — 

Miles a Beeond. 

Arctorns 54 

61 Cygni 40 

CapelSk 30 

Sinus 14 

a Centauri 18 

YeffB 18 

P^hiris H 

Thus these stars, which were believed to be fixed, are in perpetual 
motion ; nay, the velocity of some of these distant worlds much exceeds 
that of the planetary bodies, which varies, as we have seen, between three 
and thirty miles a second. The Earth, which moves in its orbit with 
such prodigious rapidity, travels three times more slowly than Arcturus. 

How have we arrived at the knowledge of the fact that the Solar 
system itself in its entirety moves through space ) Another familiar 
comparison will help us to answer this question. Let us place ourselves 
again in the centre of an extensive plain, bordered at the horizon on 
every side with rows of trees differently grouped. So long as we our- 
selves are at rest, these objects keep the same relative positions and 
distances. But if we move in any one direction, what happens 1 As 
we walk, the trees in front of us open out — are gradually separated ; 
while behind us, on the contrary, they will gradually get nearer together, 
will close up ; whilst on either side they wiU seem to recede in a direc- 
tion contrary to our movement ; these are, it is clear, merely effiects of 
perspective. But between all these apparent movements in various 

* These velocities are possiblj still greater, since the paths in space may be in- 
clined, whereas their projections are here in question. 
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directionB, and the direction of oar walk, there ia ta intinrnte connection, 
the ttady of which, if we were not consciooB of our movement, wonld 
enable us to detect it 

Now the immense expanse of the heavena ia our plain, and Hie treea 
on the homon an the stars and the constellationB, and the traveller whom 
we hare imagined to walk in a given direction is the Sun and its sjstem. 

There are, however, between our suppositiDn and the reality differ^ 
encee which somewhat complicate the problem. The stars, aa we have 
seen, have a real movement of their own, and there are other ^parent 
movements, owing to the movement of revolation of the Earth, and the 
combination of this movement with the velocity of light It has, there- 
fore, been necessary to unravel these complicated movements, and to 
sift out the real &om the apparent ones. 

If to these difficulties we add those which result from the extreme 
delicacy of the measurements required, and of the variation of the 
measuring instraments themselves, an idea will be formed of the saga- 
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dty, patience, and genius, which have been necessary to arrive at snclt 
munificent conclusions.* 

Towards what portion of the sky, then, are we travelling. Accord- 
ing to the most recent calculations, the Sun is advancing towards a pdnt 
dtnated in the constellation Herculest with such velocity that in a year 
it traverses more than once and a half the radius of the torrestria] orbi^ 
or 153,000,000 miles — about 4 miles a second! [But the rate of motion 
cannot be regarded as detennined with nearly the same accuracy as the 
direction.— R. A. P.] 
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The moyement of the Sun takes pkce, possibly, round a centre still 
unknown to us. The present opinion of astronomers is in favour of the 
Pleiades being the centre of this movement, but precise knowledge on 
this point is difficult to arrive at 

If the stars move unequally or in different directions, — ^if the Sun 
progresses towards a certain point in the heavens, how will this eventually 
show itself in the aspect of the starry vault f By a continual change, 
which will ultimately give to the constellations groupings vastly differing 
from those under which they are at present seen. ^ The Southern Cross," 
says Humboldt^ ^ will not always keep its characteristic form, for its four 
stars travel in different directions and with unequal velocities. At the 
present time it is not known how many myriads of years must elapse 
until its entire dislocation." We may, then, rest quiet, and study the 
sky as it is, without fearing present confusion: let us leave to our 
descendants of the year 9000 to determine the position which the star 
of the Hunting Dogs, known as No. 1 830 Groombridge, will then occupy* 
It may possibly be found in Berenice's Hair ! 

[The Astronomer-Boyal has recently devised a method by which the 
whole problem of the Sun's proper motion has been solved de novo, and on 
principles undoubtedly far more exact than any yet applied. It may be 
thus described. Let us conceive that the sun has a certain motion in 
space ; that is, let us assign a velocity v and a direction indicated by 
certain mathematical relations, — the angle, namely, at which the line of 
the Sun's path is inclined to three fixed lines in space at right angles to 
each other. Now, when this is done, we can deduce an expression for the 
apparent motion of each star on the celestial sphere, on the supposition 
that the assumed solar motion is stopped. In order to do this, however, 
we must adopt some hypothesis as to the probable distances of the stars of 
various orders, and also as to the probable errors in the estimated proper 
motions of the stars. These considerations being attended to, and the sum 
of all the motions (or rather of their squares) deduced on the above as- 
sumption, we have then to find what values for v and for the three angles 
referred to above make the sum least. These values are the most probable 
elements of the Sun's motion. It wiU be noticed that the process is free 
of all hypothetical considerations except those depending on the distance 
of the fixed stars, and on the probable nature of errors of observation. 
The results obtained by Airy*s method, skilfully worked out under the 
superintendence of Mr. Dunkin of the Greenwich observatory, accord 
most satisfactorily with those obtained by other methods. But, although 
the result which gives the greatest reduction of the stars' apparent 
motions, accords well with former results, the reduction is not so great 
as theoretically it might be expected to be. The present writer has shown 
that from the observed average proper motions of the different orders of 
stars, the distances of the fainter stars have probably been overrated,— 
and that the reduction will be materially increased when this considera- 
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tion is taken into account By mapping the stellar motions, he has also 
shown that signs of star-drift exist in certain regions of the heaTens^ 
^ich tend to account for the smalhiess of the corrections deduced by 
Ally's method. Spectroscopic analysis affords a means of determining 
the motions of the stars in the direction of the line of light For if a 
star is receding, the wave-length of any definite portion of its li^t mast 
be lengthened, and tnce vend. Thus, if the position of some known line 
in a star's spectrum can be compared with the position of the same line 
in the spectrum of a terrestrial element, any shift of position indicates 
whether the star is receding or approaching. In this way seyenJ of the 
brighter stars hare been dealt with by Mr. Huggins, and motions of 
recession and approach, amounting in some cases to 30 or 40 miles per 
second, have been recognised. This method has afforded an interesting 
confirmation of the present writer's views about staivdrift, sets of stars 
having equal thwart-motions being found to have equal motions of 
recession or of approach. — ^R A. P.] 



VII. 
DOUBLE AND MULTIPLE STARS. 

Diatinction between Optical and Physical Doubles — Charaoteristics of the latter — Mo7»» 
ments of Revolution of Doable Stan — Multiple STstema. 

There is in the vicinity of Vega, the brightest star in the constellation 
of the Lyre, a small star which appears elongated to some possessed of 
very keen eyesight, and this appearance suggests that it may really be 
composed of two luminous points ; indeed it is only necessary to examine 
it with an opera-glass to see that it really consists of two stars separated 
by an interval equal to about the ninth part of the apparent diameter 
of the Moon.* 

Here, then, we have an example of a coarse and easily divided 
double star, which a keen eye or an opera-glass of small magnifying 
power IB sufficient to separate into its components. But this is not all ; 
if we employ an instrument of considerable optical power to examine 
each of the two stars of which the coarse double is composed, we find 
that each component itself consists of two stars so near together that 
the intervals separating them are not more than the y^th part of the 
total distance of the couples themselves,t so that we have here a doMe- 
double star. A star which appears single to the naked eye becomes 
quadruple when examined with a powerful telescope. 

A century ago, only about twenty double stars were known ; now, 

♦ S' 2r. The star ia Epsilon (e) Lyne. + fitnive. 
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bowerer, ve poosess catalo^M of more tiaai 6000.* Now, u ths nnion 
of two niDS in & Biuall spftce of the atany vault to be looked upon u 
pnrelf accidental, or must we rather consider it to indicate a real 
physical connection of the two bodies — a real system 1 

On the fiiat supposition, the proximity of the two stan to each 
other would be attributed to an effect of perspective ; the stars, them- 
selves, though widely differing in their distance trom us, lying in the 
same line of sight In the Becond case, the two luns are at nearly 
eqnal distances, and their apparent connection proceeds fzma the relative 
smallnesa of the interval which separates them. 

Hence a shifting of double stars into optical and physical pairs. 
Aa soon as the number of double stars began to increase, it was thought 
extremely probable that groupings of this kind might not all be owing 
to the effects of perspective ; and the existence of real systems of suns 
was suggested, before even observation had directly confirmed it; this 
suggestion has since been abundantly justified. 

Out of a total number of 6000 double stara known at the present 
time, 650 have been demonstrated to be physically connected systems 
— two suns, turning round a common centre of gravity. There are 
still more complicated groups — systems of three or four, or even more 
sans. In the constellation of Orion, near the centre of the glorious 
nebula which we shall soon describe, 
there is a system where the unaided 
sight only distinguishes a luminous 
point. With the help of a powerful 
telescope, however, this point is 
divided into four stars ; these can 
be seen in a small telescope, in the 
form of a tn^tssium ; but when the 
telescope of 6 or G-inches aperture 
is used, two of the stars in the trape- 
zium are themselves seen to be ac- 
companied by two other very small 
stars, forming altogether a group of 

six suns (fig. 1 39). " Probably," says Humboldt, " the sextuple star, 6 
Ononis (generally called the " trapezium of Orion"), constitutes a real 
system, for the five smaller stars have the same proper motion as the 
principal one." We may add, that Mr. Lassell has discovered a seventh 
star in this remarkable system, so that 6 Orionis is a septuple star. 
An attentive study of this group, on which the attention of astronomers 
is fixed, as it forms such an admirable test-object for their instruments, 
will eventually show us what truth there is in Humboldt's statement ; 

• Kirch, Bradlej, Flamateed, Tobiaa und Chrutiiin Mayer, Sir W. HBrsohel, in 
the last century ; the two Strnves, B««W)1. Argelander, Encke and Gall, Prenss and 
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the various stars will be seen to progress in their orbits, and science will 
be enriched with a new fact well worthy the attention of geometers : — 
the reciprocal and simultaneous movement of seven suns. 

What magnificence, what variety is there in the constitution of the 
sidereal universe ! Our Solar System places before us the grand spec- 
tacle of a central star surrounded with more than a hundred planetary 
bodies and thousands of comets harmoniously executing their eternal 
evolutions round the focus of their heat, their light, and life. 

In the ui^athomable space which surrounds o\ir system, have been 
revealed to us, at prodigious distances, millions of stars, which are so 
many suns, surrounded doubtless, for the most part^ with a corUge of 
planets like our own. And more than this, among these myriads of 
systems, we become acquainted with some which present to us the 
more marvellous association still of suns grouped by twos, and threes, 
and fours, moving round each other in the same manner as with us the 
planets move round their common centre. 

Not only is the division of double stars into optical and physical 
couples not arbitrary — founded as it is on precise observations — ^but it 
has furnished valuable data for the solution of several most important 
problems in stellar astronomy. A word on this subject We can at 
once recognise that the two components of a double star or a real or 
physical system, when the movement of revolution of one round the 
other is observed. Thus the satellite of Castor,* and those of the 
stars, 7) Gassiope«B, p Serpentarii, £ Urse Majoris, have completed an 
entire revolution since the epoch (1870) of the first observations. 

The physical couples are again distinguished by another character, 
— a common proper motion : that is to say, when this is in the same 
direction and extent, it is extremely probable that we are dealing with a 
veritable system, although their movement of revolution is so slow that 
we cannot detect it As to the optically double stars, they are distin- 
guished by the opposite characteristics ; in other words, no movement of 
revolution can be detected in them, and the proper motion of one is not 
participated in by the other. Such is the case with the optical couples 
formed by the companions of Vega, Atair, Pollux, and Aldebaran. 

If the double stars of the first kind — the physically connected ones 
— have increased man's knowledge of the constitution of the Universe, 
by showing the identity of the laws which govern the stellar worlds 
ivith those of the movements of the planets, the optical double stars 
have furnished, as we shall see in a future chapter, the means of 
measuring distances, and thus of sounding the depths of the heavens. 

We will now proceed to give some detiuls of the principal double stars, 
the movements of which have been observed and the orbits calculated. 

* Castor is a binary system, to which, according to Strnve, doabtleas belonn a 
third star, which participates in the proper movement of the two others. Here then 
are two sans accompanied with a third sun fifteen times more distuit from the first 
than is the second. 
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There exists in the constellation of the Great Bear^ very near that 
of the lion, a star designated in the catalogues by the Greek letter £, 
known as a double star since 1782. The two components of this system 
are, one of the fourth, the other of the fifth magnitude. The movement 
of revolution of the second round the first* having been detected, a 
French astronomer, Savary, determined by calculation the elements of 
the orbit. The period of revolution is sixty-one years, whence it follows 
that, since the discoveiy of the system, the orbit has been entirely tra* 
versed, and that one-third of the second period is already completed. 

The elliptical or oval form of the orbit of this binary is very de- 
cided ; its excentricity is comparable to the orbits of our periodical 
comets, since, even among the telescopic planets, there is no orbit which 
differs so much from a circle. But among the double stars there are 
some the orbits of which are still more elongated. Such is that of a 
Centauri, the period of revolution of which exceeds seventy-eight years. 

We may cite the following periods of double stars which have been 
determined : — 



i'Herculifl . 


86 years 


i" Cancri . 


59 „ 


11 Corone Borealis 


66 „ 


p Ojphiuchi 
7 Yirginis . 


»2 ,. 
160 „ 


61 Cygni . 


. 452 ,y 



There is, as is seen by this table, great variety in the periods, the 
latter surpassing the first by twelve times. But it is probable that 
some still more divergent will be found. In Berenice's Hair, and in the 
Lion, there are two pairs, the first of which has a period of less than 
fourteen years, whilst the second completes its orbital movement in 
twelve centurieat 

If we have been able to determine the form of the paths described 
by these pairs of suns, and the duration of their periodical movements, 
we are still — ^to speak generally — far from knowing the absolute dimen- 
sions of the orbits : to determine these we must, of course, know the 
distances of the stars from u& We know this, however, in the case of 
a Centauri and 61 Cygni. 

The mean distance from each other of the two stars which compose 
the second of these systems is not less than 1,000,000,000 miles. Com- 
pared to the distances of the planets from the Sun, this distance \a com- 
prised between those of Saturn and Uranus. The orbit of the companion 
of 61 Cygni has a mean radius of about forty-five times the distance of 
the Sun from the Earth, or more than 4,000,000,000 miles. Let us 
'bear in mind, that such dimensions are quite lost to the unaided sight ; 
80 immense is the distance of these stars that a powerful telescope only 
can divide them. 

* Or, rather, the movement of each star round the common centre of gravity of 
the system. f Both these periods are, however, uncertain. 
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That astronomy has arriyed at such a point of perfection as to be 
able to calculate the elements of such distant systems is indeed an ad- 
mirable result, and a proof of the power of calculation when supported 
by observations worthy of confidence. But this is not all ; it is now 
demonstrated that the laws which regulate the stellar systems are 
identical with those which govern the bodies of our own ^tem ; we 
have thence been able to form an approximate estimate of the mntwioff 
of these bodies. Thus it has been found that 6 1 Cygni — that small star 
scarcely visible to the naked eye — ^weighs more than a third of our Sun. 

Quite recently, the exactitude of these theoretical deductions has re- 
ceived a bhiiiant confirmation. Every one knows Siiius, the brightest 
star of the heavens. While studying with minute care the proper move- 
ment of this magnificent sun, the illustrious Bessel — one of the greatest 
astronomers and geometers of the century — suspected the existence of 
a satellite, the mass of which, acting on the central star, produeed 
variations in its movement Was this satellite a dark body analogous 
to our planets, or a secondary sun, the light of which is lost in the 
dazzling rays of Sirius) On this point nothing was known; other 
astronomers attempted the same problem, and one of them, M. Peters, 
calculated for the unknown orbit a period of fifty years. Such was the 
state of things when an American optician, Mr. Alvan Qarky on the 
31st of January 1862, in turning a new and powerful telescope <m 
Sirius, discovered the satellite, the cause of the observed perturbations. 
Since that time it has been again seen by other astronomers ;* and it 
now remains to verify by observation the orbit and period cslcnlated 
before its discovery. 

When a branch of science, scarcely known two centuries ago, and 
cultivated steadily less than a hundred years, arrives at such results, 
what may we not hope for the future progress of sidereal astronomy? 

Doubtless, many points will long remain in the domain of conjecture. 
But, without overstepping probabilities, it will gradually be more and 
more possible to form a correct idea, both of the unity of the laws which 
govern the celestial bodies, and of the infinite variety of the phenomena 
which they offer to man's observation. 

We may thus liken the innumerable suns scattered over the heavens 
to the central body of our own system. Doubtless, round each revolve 
other bodies ; some like our planets ; others, perhaps, gaseous, like our 
comets. The phenomena of day and night, and of the seasons, again 
occur in those secondary worlds, rendered invisible by their immense dis- 
tance. By carr3ring ourselves to the phenomena of our planetary system, 
we can conceive those eternally going on in the worlds of which we speak. 

But how much more varied still must be the phenomena in those 
systems, composed of two or three, or even more suns, with their varying 

* The Rev. W. R. Dawes in £iij;land, MM. ChAComac and GoldMhmidt at PSsria, 
Mr. Lasaell at Malta, Father Secchi at Rome. 
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lights and heats, sometimes combined and sometimes experiencedin suc- 
cession. Let us imagine ourselves, for example, on one of the planets of 
the triple sun ^ Gassiope» ; the movements of rotation and revolution 
of such a planet, combined with the movements of revolution of the three 
light-giving bodies, would bring on its horizon sometimes one, sometimes 
the other of the suns of the system, and sometimes, also, two or three at 
a time. To periods of day and night would succeed periods of continuous 
day; and the. temperature and seasons would vary also by reason of 
ever new conditions. To these we must add the varieties of colour which 
characterise the lights of the component stars of the system — ^varieties 
which would produce on the planet sometimes red days, sometimes green 
or blue ones, or even days illuminated by a light compounded of these 
three colours, in varying proportions : an idea will thus be formed of 
tixe odd effects of light, and singular contrasts which objects must pre- 
sent according to the hour of the day and the time of the year. 

That brings us naturally to say a few words on the colour of the 
stars in the simple or multiple systems. 



VIII. 
COLOUEED STAES. 

Vaziety of Colourt presented by the Stan — Colours of Single Stars — Colours of Double 
and Multiple Stars — Variations observed in Colour ; presumed Causes of their 
Changes. 

The rapid variations of brightness, which a star presents to the naked 
eye, are ordinarily accompanied with instantaneous changes of colour ; 
and to these two phenomena combined has been given the name of 
^* scintillation." It is, however, known that these changes do not take 
place in the star, but are caused by our atmosphere, through which 
the luminous waves reach our eye. 

But^ independently of these apparent and ever-changing tints, the 
stars possess real and constant colours, arising from real differences in 
tlie|nature of the light which they emit. 

This we can all see for ourselves. If we observe some of the most 
brilliant stars in the heavens, it will be remarked that the light of Sirius, 
of Vega, of Segulus, and of Spica, is perfectly white, whilst Betelgeuse, 
the brightest star in Orion, and Aldebaran, show a decided red tint. 

The Greek astronomers, as remarked by Arago, only recognised red 
and white stars. Now, however, that this branch of observation is 
<»iirefully cultivated, aU colours, all the tints of the rainbow, have been 
detected in the light of different stars * 

* Observations of this nature are very delicate ; and although the use of tele- 
scopes renders them more certain, as the star is deprived of nearly all its scintilla- 
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Among the single stars of reddish tint, we may quote Aietnms, 
Antares, and a star in the Whale, the famous Mira Ceti, which we shall 
again soon meet with among the variable stars. Procyon, Capella, and 
Polaris, are yellow. The light of Castor is green, and that of a Lyro 
is of a decided blue tint. Nevertheless, white is undoubtedly the 
colour of the great majority of stars. 

These diverse and permanent tints can only be attributed to real 
differences in the nature of the light emitted by each sun. If the hypo- 
thesis of a photosphere, or incandescent gaseous envelope, now admitted 
by many of our astronomers in the case of the Sun, be extended to the 
physical constitution of the stars, it suffices to suppose a different chemi- 
cal composition in the photospheres of these bodies, or different absorb- 
ing processes going on in their atmospheres, to explain the differences of 
colour. Doubdess, also, the degree of the temperature of the incandescent 
media will go for something in influencing the phenomena. 

It is in the double and multiple stars that the colour of tiie light is 
presented with all its brightness and richness. The greatest variety 
distinguishes the colours of the components of these systems, already 
so remarkable from so many other points of view. 

The illustrious and laborious astronomer of Dorpat and Ponlkowa, 
M. W. Struve, who has consecrated thirteen years of watching to the 
examination of 120,000 stars, amongst which he has found more than 
3000 double stars, thus writes on this subject : — 

*'The attentive observation of the bright double stars teaches us, 
that, besides all those which are white, all the colours of the spectrum 
are to be met with ; also, when the principal star is not white, its li^t 
borders on the red side of the spectrum, whilst that of its satellite offins 
the bluish tint of the opposite end. Nevertheless, this law is not 
without exception ; on the contrary, the most general case is that the 
two bright stars have the same colours. I find, indeed, among 596 
bright double stars,— 

875 the two components of which have the same colour and the same intenaitj ; 
101 of the same colour, with a diffelrent intensity ; 
120 of totally different colours. 

" Among the stars of the same colour, the most numerouB are the 
white, and of the 476 stars of this kind I have found 

295 in which the two components are white ; 
118 ,, they are yellow or reddish ; 
68 „ they are bluish." 

It was at first believed that the blue colour was a simple effect of 
contrast, owing to the feebleness of the light of the smaller star, com- 

tion, they are still subject to errors, proceeding both from the peisonalily of tLe 
observer and the peculiarities of his instrument. We are snrpiised that there has 
not yet been instituted a precise mode of observation, in employing, for example, a 
chromatic scale, the degrees of which would serve for terms of compariaon with the 
coloured lights of the stars. 
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pared to the yellow and more brilliant light of the principal one. But 
if this optical illusion be sometimes met with, obsenration shows that it 
is accidental, and that blue stars do really exist Indeed Struve has as 
often met with a blue satellite to a white star, as to one of a decided 
yellow. Besides, coupes are mentioned of which the components are 
both blue. Such are the double stars 3 Serpentis and 59 Andromed». 
Lastly, there is in the Southern heavens a group composed of a multi- 
tude of stars, which are all blue. 

All possible shades, we have before said, are met with in the coloured 
double stars. White is found mixed with light or dark red, purple, 
ruby, and vermilion. Here we have a green star with a deep blood-red 
companion, there an orange primary accompanied by a purple or indigo- 
blue satellite. The triple star, y AndromedsB, is formed of an orange- 
red sun, accompanied with two others, the light of which is of an emerald- 
green colour. [If, indeed, one be not blue and the other yellow, the 
green resulting from the close juxtaposition of the two.] Two stars, 
the distances and period of whose revolutions we have already cited 
(61 Cygni and a Centauri), have each for their components two orange- 
yellow suns. According to Sir John Herschel, a group situated in the 
Southern Cross, near the star Kappa, is extremely remarkable. It is 
composed of 1 10 stars, of which seven only exceed the tenth magnitude. 
Among the principal ones, two are red and ruddy, one is of a greenish 
blue, two are green, and three others are of a pale green. '* The stars 
which compose it, seen in a telescope of diameter large enough to enable 
the colours to be distinguished, have the effect," says Herschel, " of a 
casket of variously coloured precious stones."* 

We have already remarked, that it is necessary to distinguish 
between the real and constant colours of the stars, and the instantaneous 
and oftrrenewed. variations due to scintillation. Nevertheless, the con- 
stancy of the real colour is not absolute. 

It seems at length to be an undoubted fact that certain stars do 
change colour. Sirius \a the first example of this. The ancients repre- 
sented it as a red star, while at present this sun is distinguished by its 
brilliant whiteness. 

Two double stars, one of the Lion, the other of the Dolphin, noted 
as white by Herschel, are now composed of primaries of golden yellow 
accompanied by a reddish-green star in the first pair, and a bluish- 
green one in the second.t 

But, after all, this variation of colour will seem less astonishing 
when we see how much the brightness of the light of the stars itself 
is subjected to variations. 

* Astronomical Observations at the Cape of Good ffope, p. 17. 

f This variation does not seem to be explained by the difference of the instruments 
used, since the mirrors of Herschel's telescope gave rather a reddish tint to all objects : 
and it was Struve who first established their c^oar with the large Ponlkowa refractor. 

X 
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The cause of the colours of the stars, and of the changes of tint 
they undergo, is still, as we have before remarked, not entirely accounted 
for. '' It must be left to time and careful observation," says Arago, 
'' to teach us if the green or blue stars are not suns in the process of 
decay, if the different tints of these bodies do not indicate that com- 
bustion is operating upon them at different degrees." 

[Spectroscopic analysis shows that usually the colour of a star is 
due to the presence of absorptive vapours in the star's atmosphere cut- 
ting off certain portions of the light Thus the orange component of 
the double star Albireo has a spectrum crossed by several bands in the 
blue and violet, while the blue component has a spectrum showing 
many strong lines in the red and orange portions. — R A. P.] 

All that can be at present said with certainty is, that the celestial 
spaces, far from presenting to us immutability and immobility, are the 
theatre of incessant movement and continuous transformation. The 
study of variable stars, and of new or temporary stars, which have 
suddenly appeared to diuippear as suddenly, will again fiunish us with 
decisive proof of a truth that has taken us so long to learn. 



IX. 
VARIABLE STARS. 

Periodical Changes of Brilliancy of Mira Ceti, and Algol in Peneos — Other Variable 
Stars — Explanation of these Changes — Hypothesis of the Rotation of Stars. 

There is in the constellation of the Whale a star marked on the maps 
by the Greek letter o (Omicron), which astronomers know also under 
the Latin name of Mira (the marveUous). This star has been long re- 
marked on account of the periodical variations of its brightness. During 
each interval of eleven months it passes through the following phases : 

During fifteen days it attains and preserves its maximum brightness, 
which is equal to that of a star of the second magnitude. Its light 
afterwards decreases during three months, until it becomes completely 
invisible, not to the naked eye only, but even to our telescopea* 

It remains in this state during five whole months, after which it 
reappears, its light increasing in a continuous manner during three other 
months. Its cycle of variability is then ended, and it attains again its 
maximum brightness to pass a second time through the same phases. 
These singular variations have been known since the end of the sixteenth 
century ; but the exact measure of the period was only effected a 

* We are surprised that observations of this singular star have not been panned 
with the most powerful instruments during the period of invisibility. It is only 
known that it is then below the eleventh magnituoe. 
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ceotuiy later. At tlie present time it is known with great precision, 
and is valued at 331 da^s 16 hoan and 7 minuteB. 

In truth, irregnlaritieB have been discovered in the period of Mira ; 
but these irregularities also are subjected to a periodicity which renders 
the phenomena still more interesting. The greatest brilliaacy does not 
always rank it in the same magnitude. Sometimes it scarcely exceeds 
the fourth, whilst at ceil^a epochs (in 1799, for example*) its light 
was almost as brilliant as that of the first magnitude, and it was scarcely 
inferior to Aldebaran. 

Mira is not the only example of the periodical change of brightness 
of stellar light j and the duration of the variations is not always so long 
as in it Algol, in the Head of Medusa, 
in the constellation of Perseus (fig. 140), 
is at least as interesting as Mira, but 
its period is much shorter, and it is 
never invisible, even to the naked eye. 
A star of the second magnitude dur- 
ing two days and thirteen and a half 
hours, it suddenly decreases, and in 
three hoars and a half descends to the 
fourth magnitude. Then its brightness 
regains the ascendant, and at the end 
of a fresh interval of three hours and a 
half attains its maximum. All these 
changes are efi'ected in leas than three 
days, or, more exactly, in 2 days, 21 
hours, 49 minutes. 

Among the variable stars with long 
periods, Betelgeuse, one of the four stars 

of the great trapezium of Orion, may Pi» i40.—v«rt»bi« hm Algol tn pi»mu». 
also be mentioned ; the period of this 

star is nearly 200 days. There is a star in the Swan, the variations of 
which are effected in 406 days. Three of the seven stars of the Great 
Bear vary in periods imperfectly known, but they certainly embrace 
several years. 

In the number of variable stars with short periods, 3 Cephei is dis- 
tinguished by the regularity of its changes of brightness, which last 5 
days, 8 hours, 40 seconds. This star has been observed since 1784. 

Lastly, there is a great number of stars, the variability of which is 
proved without their periods having yet been determined, either because 
these periods are irregular, or because the time they occupy is very 
considerable. 

The preceding examples will suflSce to give an idea of the interest 
attached to these singular phenomena, the cause of which, although sus- 
pected is still unknown. The periodicity even of the changes observed 
■ Tba 8th of November, u cited in HomboUt's Cofinoa. 



308 THE SIDEREAL SYSTEM. 

indicates that the yariations of brightness are possibly produced bj a 
movement of rotation of the yariabie itself, or bj the movement of re- 
volution of a dark or opaque body round the luminous body. 

On the hypothesis of the rotation of the variable stars, it has been 
held that the different sides of the body vary in luminosity, and even, 
in certain cases, are completely dark.* Spots of laige dimensions, 
analogous to solar spots, and encroaching on a part of the snr&ce of 
these suns during long intervals of time, have been suggested to account 
for the phenomena. 

On the other hand, if each star be considered the focus of the move- 
ments of dark bodies similar to our planets, — an hypothesis which is far 
from being completely improbable, — ^it must happen to a certain number 
of them, that the phmes of the orbits of these secondary bodies, if pro- 
longed, would pass through our system. In this case, at each revolution 
there would be an eclipse to our eyes of the central body, a partial or 
total eclipse according to the dimensions and the respective distances 
of the dark satellite and its sun. Many satellites of unequal periods 
would then explain the different phases of variability. 

Another explanation of the variability of certain stars has been sug- 
gested by the fact that> during the minimum of brightness, solne of these 
bodies have appeared surrounded with a kind of mist , This is, that 
the variability is owing to the interposition of nebulous masses travel- 
ling through space, and which, not being self-luminous, would veil, or 
even quite extinguish, the stars in question. 

[The question of variable stars, one of the most puzzling in the whole 
domain of astronomy, has recently engaged the attention of Mr. Balfour 
Stewart He remarks : '* We are entitled to conclude that, in our own 
system, the approach of a planet to the Sun is favourable to luminosity, 
and especially in that portion of the Sun which is next the planet. Let 
us take variable stars. The bypothesis which, without being physibally 
probable, gives yet the best formal explanation of the phenomenon there 
represented, is that which assumes rotation on an axis, while it is sup- 
posed that the body of the star is not equally luminous on every part of 
its surfaca Now if, instead of this, we supjKtse such a star to have a 
large planet revolving round it at a small distance, then, according to our 
hypothesis that portion of the star which is near the planet will be more 
luminous than that which is more remote ; and this state of things will 
revolve round as the planet itself revolves, presenting to a distant spec- 
tator an appearance of variation, with a period equal to that of the planet 
Let us now suppose the planet to have a very elliptical orbit ; then for 
a long period of time it will be at a distance from its primary, while, 
for a comparatively short period, it will be very near. We should, there- 

* The idea of Manpertnis, that amonff the suns, there are, donbtlen, some of 
which the forms differ from a sphere, and which are presented to us, by reason of 
a movement of rotation, sometimes in section, sometimes in plan, scarcely seems in 



accordance with the principles of mechanics, which account for the figores of celestial 
bodies. 
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fore, expect a long period of darkness, and a comparatively short one 
of intense^light, precisely vhaX we have in temporary stars."] 

Among the variable stars binaty cooples are noticed. Such is y 
Tirgims, of which we have bad.occasion to cite the movement of revolu- 
tion. The two stars which compose it have changed in brightness, and 
the most brilliant has become inferior to the other at the end of some 
years. The variable star, a CaeaiopetB, ia ^bo a double star ; according 
to Struve there are many othera. " That which is especially of great 
importance," remarks that eminent astronomer, " is, that it can be 
demonstrated from this variability of double stars, that they move round 
an axis of rotation, and that, in consequence, we have found a fresh 
analogy between these systems of many suns and our planetary system." 
On the hypothesis of dark satellites it will be seen that, if the analogy 
seized upon is different, it is not less curious. 

According to Mr. Hind, the colour of a great number of variable stars 
is red ; but that ia not an essential characteiiatic ; if Mira is of a red 
colour, when at its faintest, the light of Algol u white.* 

As we advance in the study of the stellar world, the apparent uni- 
formity of the heavens, in which the indifferent spectator at first only sees 
a multitude of luminous points always the same, always immovable, 
f^ves place to a most rich and varied picture. The number of phenomena 
of which we are the witnesses is only equalled by the moulds of time 
and space in which they are cast 

* [We kre etiabled, b; the Icindneu of Messrs. Snott sod Bsxendell, to add here 
ft woodcat (Gg. I40a), wluch vill give the leader an idea of the method adopted by 
oar obsarrera in this class of observations. 

By BQcceesively contracting the apertnre of the telescope, stars of all maenitndes 
can be made to diuppear. Finding by experiment with vhat aperture stars m known 
magnitnde became jnst eitinguished, the „,,, ^ 

aperture at which a star so disappears t*- - jg „, ^^ Bo m 

comes an index of its magnituda. Prepara- ^ ' ' ' i 

torj, therefore, to comnieucing operations on — "% 

m variable star, the observer mmishes him- '*' ^ 

aelf with a chart of the surrounding stars, 
with a selected list of cODTenientIv situated 
comparison stars, vhose msgnitude is care- 
fblly measured in the manner we hare 

indicated. The "comparisoa stars" are ^ .|. 

lettered for convenience of reference. The ^ g 

observer then compares the variable with " ■ 

those stars on the list which differ least from "*" ' 

it in brightness, and carefully esdmatea the 
difference in tenths of a magnitude. He 
thns obtains several inde^ndent values for 
the magnitude of the vanable at the date of 

observation. Tha mean of these is adopted b + 

for Uie night. The successive observations ^ g 

?ii'i? ll^T" «" 'r^™^*^K^^''- ""' +"""Fin«kL-v.ri.i*,Burci>«t. ■<! 

dstss of observation formuis the abscissae, ^ g cancrL (Knotk] 

and the mean magnitudes the coordinates. 

Throngh the points thns obtained a cane is Uid down ; tills is the liglU-curve, and 

from it the dstes of mazimDm and minimum brightness are determined.] 
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We have seen, in the Solar system, tiie most wonderfal order 
governing the combination of the movements of the bodies which compose 
it^ and the simplicity of the means by which the most astonishing 
differences are everywhere produced In the sidereal world the same 
harmony governs the suns even, the changes of which, as we have seen, 
are subjected to laws and regulated periods. 

It must not be thought, however, that it is necessarily thus with all 
celestial phenomena, and that regularity is the characteristic sign of the 
movements or transformations of stars. We are about to describe some 
phenomena which bear, for the most part, the appearance of sudden cata- 
strophes, or which, when they occurred gradually, were rapid enough for 
observers to register all their phases. These sudden changes will doubtr 
less strike the imagination ; but our reason will none the more look upon 
them as prodigies, habituated as it is to see eveiything subjected to laws : 
Omnia reguntur numerOj pandei'e et mensurd ! 



X. 

TEMPORARY STARS. 

New Stan — Temporary Star of 1572 — Loat Stan — ^Explanation of these sudden 

Appearances and Disappearances. 

" One night,'' writes Tycho Brah^, '^ as I was examining, as usual, the 
celestial vault, the aspect of which is so familiar to me, I saw with un- 
speakable astonishment, near the zenith, in Cassiopea, a star of extra- 
ordinary brightness. Struck with surprise, I could scarcely believe my 
eyes. To convince myself that there was no illusion, and to obtain the 
testimony of other persons, I called the workmen occupied in my labora- 
tory, and I asked them, as well as all the passers-by, if they saw, as I 
did^ the star which had so suddenly made its appearance. I leamt later, 
that in Germany the coadb-drivers and others of the people had ac- 
quainted the astronomers of a strange appearance in the s^, and thereby 
funushed occasion for a renewal of the accustomed railing against 
scientific men." 

It was in the' course of November 1572 that this strange apparition 
took place. 

The new star observed by Tycho had none of the appearances of a 
comet ; no nebulous head, no tail accompanied it ; it, moreover, remained 
completely immovable in the same point of the heavens during the 
seventeen months that it was visible. It twinkled in an extraordinary 
manner, and at first its brightness exceeded that of Vega, Sinus, and 
even Jupiter at its smallest distance from the Earth. " It could only be 
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compared," says Tycho, "to that of Venus in qnadntare." It also n- 
mained visible in the day, at noon, vhen the aky was clear. Bnt^ by 
d^TMs, its light diminished in intend^. 

In Januar}- 1673 it woa already less briUiant than Japiter; from 
the month of April it pasaed from the first to the second magnitude ; 
an«r this it rapidly decreased, and disappeared at last in March 1074. 

Mot only was this 
extoaordinary star va- 
riable in its brightness, 
but even its colour 
was subjected to rapid 
changes; first, white 
during the first two 
months, the period of 
its greatest brilliancy ; 
afterwards it passed to 
yellow, then to red. 
Tycho then compared 
it to Mars, to Betel- 
geuse, and especially, 
toAIdebaran. Lastly, 

in the spring of 1673, ,Hg.i«^N«u.dtempop«jrt«onj7s.inc™iop«. 
the red colour reap- 
peared, and remained until the end of its visibility. 

Several similar appearances have been noticed in more remote times 
in various regions of the sky ; two of them are especially interesting. 
They were observed in 945 and in 1264,betweenCepheusandCassiopea, 
nearly in the same position as that taken up by the PU^m, the name 
given to the star of 1572. If this identity were actually established, 
temporary stars would then be shown to be no other than periodical 
variable stars, a conclusion at which we have before hinted ; and the 
only difi^erence between them would arise from the inequality of the 
cycle of variability, and of the intensity of the variations. 

[Prom a careM reduction of the places recorded by Tycho Brah^ 
Argelander has arrived at the following figures, as giving its position 
for 1865 :— 

R.A. DecL 

b m ■ ... 

4 18 677 . . +68 as 66-4 

taking up the theory that this temporary star is really a long-period 
variable, he baa been inquiring whether any suspicious star exists in or 
near the above place. He finds that D' Arrest has observed a star of the 
lOj magnitude, in the following position : — 
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Many yean ago obaenren sought in yain f<nr a star in this pontion, and, 
it may be, that D' Arrest's star may be the great contemporary star of 
1572 slowly recoYering its light Nor are the intervals between the 
dates we have mentioned widely different ; the mean of them gives 
1885 as the epoch of its maximum.] 

Since the observation of Tycho Brah^ many temporary stars have 
been seen in the constellations of Serpentarins and Cygnu&* 

But the most briUisnt of all these — ^that of 1604, whidi was, how- 
ever, inferior to that of 1572 — ^was especially remarkable by its vivid 
scintillation ; it disappeared like the first, leaving no trace behind. 

Among these stars some have been recorded which, after having 
varied in brightness, have remained visible, preserving permanently their 
last phase of brightness. 

Lastly, some stars, the first appearance of which was not observed, 
have disappeared. Hence the names temporary stars, new stars, and last 
stars, given te these three kinds of stars respectively. 

[In May 1866 a star appeared in Corona Borealis, shining as a star 
of the second magnitude, in a place where a star of the tenth magnitude 
had been charted. Examined by Huggins and Miller with the spectro- 
scope, it was found to have a spectrum crossed by fine black lines, on 
which was superposed the spectrum of glowing hydrogen. As the star 
faded the hydrogen spectrum waned, finally disappeared Probably there 
had been an outburst of glowing hydrogen, or a conflagration, in which 
hydrogen was the principal agent The star, when at its brightest, was 
800 times brighter than it had before been, or than it now is. — ^R A. P.] 

If the phenomena of variable stars are to be explained as due to some 
stupendous process of combustion — some sudden conflagrations taking 
place on the surfaces of bodies until then obscure, by progressive extinc- 
tion inducing first a decrease of brightness, and afterwards disappear- 
ance — such catastrophes are well adapted to strike our imagination, and 
to destroy the ancient idea of the immutability of the heavens. 

Humboldt protests against the hypothesis of destruction : '' That 
which we see no more," he says, "has not necessarily ceased to exist . . . 
The eternal play of apparent creation and apparent destruction does not 
prove an annihUation of matter; it is a pure transition towards new forms, 
determined by the action of new forces. Some stars, which have become 
obscure, may again suddenly become luminous, by the renewal of the 
same conditions which, in the first instance, developed their light" 

Some astronomers attribute these appearances and disappearances to 
the movement of nebulous masses, not self-luminous ; a kind of cosmical 
cloud, interposed between the star and our system, might produce an 

* Most of the new or temporary stars bave made their appearance either in or 
near the Milky Way. Tycho nence concluded that these bodies were formed of tiie 
matter of which this great nebula was then thought to consist ; but this opinion* at 
present, is inadmissible, since it is now known that the Milky Way is entirely com> 
posed of distinct stars. 
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eclipse, and thia eclipse night ceue when the " clonde " had entirel)' 
paaeed. Thus, lost stars, as well as new and temporary stars, would 
be at once explained.) 

We will bring this chapter to a close with a description of the most 
astonishing of all the phenomena of this kind, — namely, the Tanations 
of the star i; Argils ; a singular star, 
which can be classed neither among 
the temporary nor among the vari- 
able stars. 

Towards the end of the soTen- 
teenth century this star was only of 
the fourth magnitude ; less than a 
century after, in 17ffl, it attained 
the second. Sixty years later, it 
i^in descended to its first bright- 
ness, increasing anew until the year 
1836. From that epoch, it has 
passed through the most astonishing 
phases, oscillating between the first 

and second magnitudes, sometimes pig. lu.— Tuiibie itu-, bu aibAl 
equal to a Cnicis, then to a Centauri; 

surpassing Canopus, and approaching lastly to Sirius. [It is now barely 
visible with the naked eye. — E, A. P.] The rapidity of these changes, 
their unequal periods, the long duration of this state of variability, the 
impossibility of finding a law more or less regular, all contribute to 
make this beautiful star one of the most curious objects of the sky. 

Let us think for a moment on the actual phenomena, which give rise 
to such metamorphoses. Let us reflect on the vicissitudes necessarily 
undergone by the planets which move round such a strange sun arising 
from the variations in the iutensity of its light and heat, and on the 
stupendous changes which are the necessary consequence. Perhaps onr 
Sun has been, or will be one day, the scene of like variations, which are 
only, after all, the manifestations of the eternally active forces which 
govern all systems. 
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XI. 

STAE-GEOUPS. 



Nitantl Oronpings of Stan— Groupa VMble to the Naked Era— The HnMlca — 
TbB Hrsdea— Pncupe. 

Are the stars that are visible to the naked eye spread orderlces on tbe 
celestial vault 1 or is there not between those, apparently most close); 
connected, some real or physical connection which reqnires ns to rank 
them in natural groups 1 

These questioDs have been already partly solved, by irhat is known 
of the double and multiple star-HyBtems. Soon, exploring the regions of 
the sky visible by means of the telescope, we shall have to pass in review 
a multitude of stellar associations, in which suns are found so compact 
and BO numerous, and the form of the groups so regular, that it is 
impossible to deny their reciprocal dependence. 

But long before the discovery of Uiese islands, these archipelagos of 
worlds, scattered with such astonishing profusion over tbe infinite, the 
naked eye had already dis- 
tinguished a certain num- 
ber of groups, the stsrs 
.composing which were so 
near together iitat it was 
impossible to doubt their 
physical connection. 

Such, for example, is 
the group of the Pleiades. 
Such, again, are the groups 
loiown under the names of 
the Hyades, of Prosqte, 
and of Berenice's Hair. 
All tfe visible to the naked 
eye, and good eyes distin- 
guish without difficulty 
the principal stars of the 
— _. ™ , . ™. >^ . first-named groups. The 

Pleiades (fig. 143) are sit- 
uated in the constellation of the Bull, which we can distinguish so easOy, 
to the north-west of Orion and Aldebaran. 

Of about eighty stars, which form the group of the Pleiades, six are 
visible without the help of telescopes. Formerly, the Latin poet tells 
us, seven were counted, which may be held to prove that one of them 
is variable, and has diminished in brightness, or else has disappeared 
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[Bat the power of diffarent eyes in diBtingauhing staia in a group 
of this kind varies extremely, and Orid'a remark, — 

" Owe septem did, »ex bunen esse Bolent," 
although it stUI ordinarily applies, must not be insisted on too strongly. 
One member of the family of Uie Astronomer-Royal halntually sees seven 
stars, and on rarer occasions twelve — those shown in the accompanying 
diagram (% 144).] 

The most brilliant, Alcyone, is of the third magnitude ; Electra and 
Atlas are of the fourth ; Meropa, Mate and Taygete, of the fifth. Three 
others agidn have received particular names, although they are below the 
limit of ordinary vision ; these are Fleioue, Celeno, and Aaterope, from 
the dxth to the eighth magnitude. AH the others kk only visible by the 
aid of a telescope; but with an ordinary glass it is poasible to dintinguish a 
large number. The Pleiades' 
are known under the name of 
the Hencoop, doubtless because 
Alcyone appears in the group 
as a hen sorrounded with her 
chickens. 

The Hyades, which are 
near the Pleiades, form a less 
numerous and more scattered 
group. The bright light of 
Aldebaran, which is, as is 
known, of the first magnitude, 
renders them more difficult to 
distinguish with the naked eye. 

They appear in the rainy 
season. Hence their name of 
Hyades, from the Greek word 
which signifies "to rain." 

The connection of the stars 
which compose this group is 
not so strilong as in the case 

of the Pleiades. Nevertheless, ''K- i«--'n" pi«'*i«» " ■•» "'O' fe mkBd eye. 
it seems difficult to admit that they are quite independent of each other's 
attraction. In examining the position of these two gronps in the vicinity 
of the Milky Way, and observing that both are situated in the prolonga- 
tion of a branch of the great zone, we are almost entitled to consider 

* The uid«l)t poet* bIm colled them Heeperides, or Atlsutidea. The name of 
Flei>dM u stated to have been derired from -rKtir, which signifiM "to naTigBt« :" 
becuM, according to Lalande, in the aprins and near the epoch, when the; rise with 
the Son, the aeasoD for navigatinj^ the MeaiCerrBneaa conuuencea. Others aaj that 
these atars were dreaded by mannera, on account of the rains and storms which 
Mcfned to rise with them, which thej attribntsd to their inflnence. 
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ihem as two cluBters of stsn balonging to the imm«nM Bte 

which surrounds ua, and in the midst of which it will be seen that the 

Sun himself is placed. 

In Berenice's Hair most of the stars an visible to the naked eye, 
and are perfectly distinguished in the sky, a little to the east of the Lion. 
No very brilliant star in the viciuity incouTeniences the eye by effacing 
their light 

The next group is situatod in the Crab, and is known under the 
name of Praxpe; it is visible to the unassisted sight: but it is im- 
possible to distinguish the separate stars without the help of a telescope. 
Nevertheless, an instrument of moderate power easily separates them, 
and they then take the aspect represented in fig. 146. 

The groups which we have just described form a transition between 
the stars scattered over the celestial vault and the more condensed clusters, 
the undefined aspect of which caused them formeriy to be designated 
under the general name of 
Nebulae, [This designation, 
however, is now much more 
limited, as we shall see by 
and by.] 

Doubtless, if we could 
place ourselves in space, and 
cuntemplate from a suffi- 
ciently distant standpoint, 
the whole of the stars which 
appear to us isolated, we 
should see them condensed 
into one or several distinct 
groups, analogous to those 
of Uie Pleiades; whilst, 
were we to penetrato into 
the midst of one of these 
Kg. i«.-Th. Hyid... (Hwdtag.) ■ compact clusters, we should 

see the stars of which it is formed separated, and scattered over the celes- 
tial vault in snch a way as to give it the aspect of our own heavens. 

[It is certain, however, that even among the stars visible in our own 
heavens, laws of aggregation and segregation can be noticed. Instead 
of that generally uniform distribution over the heavens which has so long 
been assumed to prevail, there are regions where lucid stars are gathered 
together in much greater numbers than elsewhere, and othera where such 
stars are remarkably infrequent The present writer has indicated the 
regions of greatest richness and poverty. In the northern heavens tht! 
rich regions cover the north polar constellations, and extend to Lacerta, 
Cygnus, Lyra, and Hercules. In the southern they surround almost 
centrally the Greater Magellanic Cloud, and cover nearly half of the 
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southeni heavens. But the Milky Way is also a r^on of gre&t; richness, 
as respects lucid stars (that is, stars visible to the naked eye), not only 
where it crosses the before-named rich regions, but throughout its irhole 
extent In the Bouthem heavens stars are nearly three times as richly 
spread over the Milky Way as over the heavens generally ; in the oorth- 
em the proportion is not quite so great, hut is still la^e. When we 
note that the Milky Way 
compared with the rest of 
the heavens as regards ex- 
tent, is as 1 to 10, while, as' 
reguds the number of stars 
the ratio is as 1 to about 
4^,70 see at once that there 
is a well-marked a^rega- 
tionof stars along the Milky 
Way. Yet the gaps and 
lacuna in the Milky Way, 
and the regions of the sky 
bordering upon it, are sin- 
gularly bare of stars. The 
conclusion is obvious, and 
may he regarded as demon- 
strated, that the lucid stars 
seen on the Milky Way are ^ 

„ . \ ' Fig. IM.— Ftmapa in Cuuu. 

really unmersed among 

these stars (which must needs therefore be much smaller), whose com- 
bined light produces the milky light of the Galaxy. — R. A. P.] 

[Since the above was written the true nature of the Milky Way has 
been demonstrated by the construction of a chart including all the stars 
visible in the northern heavens with a telescope 2^ inches in aperture, 
or 324,000 stars in all. These, though only extending to the eleventh 
magnitude, show the Milky Way almost exactly as Heis sees it with the 
naked eye, proving beyond dispute that the conclusion above indicated 
is correct. — R A. P.] 
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xu. 

STAE-CLUSTEES. 

Cliuten of Stan of Globular and Spherical Form — Enonnovs number of Stars in certain 
Clusters — Clusters in Perseus, Centaums, Toucan, Aquaiins, etc — Curious Forms 
of some Clusters. 

Among star-clusters, a very small number, as we have before remarked, 
are bright enough or considerable enough to be visible to the naked eye. 
In all of these, the stars are so close together, that it is impossible not 
to recognise in them real stellar groups,*-~real companionship, — ^real 
systems of Suns. 

[Of this class, the cluster in Perseus is at once a striking example, and 
one of the most glorious objects in the heavens. Let the reader search 
for its faint glimmer in the Milky Way, between the bright stars in 
Cassiopea and Perseus, and turn even a small hand-telescope upon it^ 
the sight will well repay him ; but if a six-inch or a larger aperture can 
be used, he will never forget the glorious picture unfolded before him]. 

Their generally rounded form gives them a cometaiy aspect, and ob- 
servers not completely familiar with the divers regions of the sky may 
easUy be, and indeed sometimes are, mistaken in their nature; although 
the permanence of their form, and especially of their position, is a charac- 
teristic which should suffice to distinguish them from comets. 

There are also some clusters, although these are not numerous, the 
contours of which are very irregular; in these, the number of the stars is 
generally much smaller than in the clusters of globular form, and their 
distribution is also very different If we look at the figures I, 2, 3 (see 
Frontispiece), we shall be struck with the remarkable condensation of the 
luminous points at the centre. This condensation is easily explained, if 
we suppose that the real form of the cluster is nearly that of a spherical 
globe. Then, even on the hypothesis that the stars are equally distri- 
buted, it will be understood, that, as the visual ray traverses its centre 
throughout all the extent of its diameter, and as in approaching the 
borders it traverses smaller and smaller portions, the laws of perspective 
will account for the apparent collection of the luminous points at the 
centre. 

But the increase of brightness from the border to the centre is often 
more rapid than the hypothesis of an equal distribution of the stars in the 
interior will sanction. It has been held, therefore, that, besides the appa- 
rent or purely optical condensation, there exists a real condensation, 
which is produced, doubtless, by the influence of the central forces, 
resulting from the separate attractions of each of the suns which com- 
pose these systems. 

"How can these isolated systems," says Humboldt,* "be maintained t 

• Cosmos^ vol, iii. p. 158. 
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How can the suns, which crowd at the interior of theee systems, accom- 
plish their revolutinns &eely and without ckshing 1 " 

These questions, which apply to all clusters, are the most difficult of 
all the problems of celestial mechanics. But it must not be forgotten 
that these stellar aggr^;a- 
tions are situated at great 
distances, and that their 
particles, so to speak, 
which seem to us so near 
one another, have between 
them intervals perhaps as 
considerable as the dis- 
tance of our Sun from 
the nearest star. Their 
movements are, therefore, 
doubtless effected with all 
freedom, through spaces' 
as vast as the general 
equilibrium necessitates, 
and with a relative slow- 
ness proportionate to the 
dimensions of their orbits. 

The number of SUrS Wg. l«.-Star-eliiit*r near - Cenlaurt. (SliJ. HMKhrt) 

contained in clusters of a globular form is often prodigious. 

We have seen that the cluster of the Southern Cross, so curious on 
account of the varied colours of its componente, only contains 110 stars, 
but Herschel has calculated that many clusters contain 5000 collected 
in a space, the apparent dimensions of which iire scarcely the tenth part 
of the surface of the lunar disk. 

Such is the cluster situated between the two stars i} and f Herculta 
(Frontispiece, No. 2), one of the most magnificent in our northern 
heavens on fine nights ; this cluster is visible to the naked eye as a 
liuninous spot of rounded form ; in the telescope, it is resolved into a 
multitude of stars, and preserves its globular appearance, but is fringed 
on the borders with several threads of outlying stars. 

The cluster near lo Centauri (Fig. 147) is also visible to the naked 
eye, and shines as a star of the fourth or fifth magnitude ; it is resolved, 
by very powerful instruments, into a multitude of stars greatly con- 
densed towards the centrej the light of wliich varies between the thir- 
teenth and fifteenth magnitudes. 

The beautiful cluster in Aquarius, which Sir J. Herschel's drawing 
exhibits as fine luminous dust (Frontispiece, No. 4), when examined 
through the Earl of Eosse's powerful reflector appeared (fig. liS) like 
a magnificent globular cluster, entirely separated into stars. 

But the most beautiful specimen of this kind is, without doubt, the 
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aplendid cluster in Toucan, quite Tisible to the naked eje in the Ticiniiy 
c^ the Smaller Magellanic Cloud, in & region of the southern sky entirely 
void of Stan. The condeasation at the centre of this duster is ex- 
tremely decided ; there are three perfectly distinct gradations, and lite 
Orange red colour of the central agglomeration contrasts wonderfolly 
with the white ligbt of the concentric envelopee. 

The clusters of spherical fonn are ordinarily Uie riches^ and the 
telescope has the least difficulty in analysing them into stan. 

Nevertheless, among tlie others there are some, the resolntjon of 
■which, until lately impossible, haa been accomplished by the uae of 
telescopes of the greatest, optical power. Such is the oval nebiilA in 
Andromeda, of which more anon. 

Here are some curiously form^ closten (fig. 1 50), in which every 
indication of concentration has disappeared The drawing which repre- 
sents the cluster in the Twins (Frontispiece, Na 6) shows it to be inter- 



Flg. IM.'-Cliulitrlii Aqiurin*. (LanI Koih.) 

mediate between ' the irregular groups, and* the clusters of d^cidedly 
spberical form which we have passed under review. At the summit of 
a kind of pyramid — the form of this singular cluster — the lumioons 
points seem to press towards a preponderant mass. In the clusters iu 
fig. 150 nothing similar is seen. 

. The clusters are not equslly distributed over the heavens ; they are 
most numerous in the Milky Way, and in the two Magellanic Cloild!^ 
The region richest in globular clusters is situated in the southern hemi- 
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Eiphere, and forms an important portion of the Milky Way, comprised 



between the comtellstionB of the Wolf, Altar, Scorpion, Southern Ctosb, 
and Sf^ttariuB. 



.— CliuMnof akngnlufOnn*. (SiiJ. Hmchd.) 



BtMO. „ 

1. diMn In Souplo. 1 ClniUr In the Altu. 

In deecrilnng the most beautiful of the Btar-clusteis, that of Toucan, 
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we remarked that the central part is rose colour, surrounded with a 
white concentric border. The cluster being entirely resolved into stars, 
this colouration evidently belongs to each of the components ; a tact 
which will not surprise us, after that which ha» been seen of the simple 
and double coloured stars. 

The cluster in the Southern Cross, which, as we have seen, is formed 
of a great number of white stars, interspersed with some red, green, and 
blue stars, appears as a white cluster. On the other hand, we have 
quoted a cluster of the southern sky entirely composed of blue stars. 

The colour of these star-clusters is then easily explained by the pre- 
dominant colour of the stars of which they are composed.- 



XIII. 

THE MILKY WAY. 

Oeueral Aspect of the Milky Way— Its Course through the Northern and Southern Con- 
stellations — Resolvability into Stars and Star-Clusters— ^-Impenetrability of certain 
regions of the Milky Way. 

With the exception of the Magellanic Clouds, of which more anon, and 
a few star-clusters, all the star-groupings which we have yet reviewed are 
invisible to the naked eye. Their extremely small apparent dimensions 
contribute to this result, bearing in mind the prodigious distances at 
which they lie from the solar world, — distances which so considerably 
weaken the brightness of the component stars. 

It is not thus with the Milky Way. The light of this immoise 
zone is, one might almost say, bright ; its extent, which embraces the 
entire circumference of the starry vault, and its breadth, are so con- 
siderable, that it is readily distinguished at the first coup d^cUl^ whenever 
the apparent movement of the heavens brings it above the horuEou. 

This last circumstance occurs, it is true, every night of the jeaTy 
and in all latitudes ; but the Milky Way is much better visible when 
it rises to a great height ; and to see it best we must, therefore, dioose 
certain epochs of the year or certain hours of the night. 

The general appearance of the Milky Way is that of a long ii^ba- 
lous train, which follows very nearly the circumference of a grand cjicie 
of the celestial vault. Fii-st of all, it may be remarked, that it is divided 
into two principal branches throughout nearly half its entire leogtb. 
Its breadth is very variable ; sometimes it contracts so as to occupy no> 
more than six to eight times the lunar diameter, at others it spreads 
out to an extent four times as great. 

Before stating what is known of the composition and structure of 
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this immense congregation of stars, let us describe it as a whole, noting 
the principal constellations which it traverses in both hemispheres. We 
will avail ourselves for this purpose of the two Plates XIX. and XX., 
which show it as it is seen in a small telescope, with the variations in 
form and brilliancy which its different ramifications present. 

The northern half of the Milky Way extends from the constellations 
of the Eagle and the Serpent to the Unicom, at the altitude of, and 
near, the belt of Orion. Divided into two branches from the Equator 
as far as the Swan, it passes by Atair, and traverses the Arrow and the 
Fox, besides the constellations before named. Xear the Swan a dark 
opening is observed in it, a kind of gap through which the sight plunges 
into the distant regions of the sky beyond the regions occupied by this 
^one. One branch is directed towards the Little Bear and Cepheus, 
and it is in this part that it approaches nearest to the northern pole of 
the heavens. It afterwards l^eai-s aw«ay under the form of a single and 
narrow branch, which traverses Cassiopea, passes by the Waggoner 
very near Capella, borders the eastern portion of the Twins, and of the 
Little Dog, and the southern portion of Orion. Before arriving at tliis 
point, a branch leaves the main portion in Perseus, and stretches as far 
as the Pleiades, where it is lost. 

The northern portion of the Milky Way presents the greatest inten- 
sity in the Eagle and in the Swan : in Perseus and near the Unicorn, 
it is the least luminous. 

Let us now follow its course through the southern hemisphere. 
After having crossed the Equator and passed Sirius, it enters the Ship, 
gradually increasing in brightness; it is then di\dded into several 
branches which extend fan-like over a large area, and disappears all at 
once, reappearing farther on in the same constellation. 

These branches are again united in the Centaur and Southern Cross, 
at a point where the breadth of the Milky Way is at its mininuim. 
Here is the famous Cocd'Sackf a dark gap in the form of a pear ; sur- 
rounded on every side by the nebulous zone, the eye can only perceive 
in it one or two stars. 

Very near a Centauri, the Galaxy is divided anew into two principal 
branches, with numerous ramifications, and the bifurcation continues 
through the Wolf, the Altar, the Scorpion, an<l Sagittarius, as far as the 
Serpent Then the two branches again cross the Equator and rejoin the 
northern part of the Milky Way,at the point where our description be'^an- 

In this immense course, which embraces, as we have s*tid, a complete 
great circle of the celestial vault, the glimmer of the star-cloud is ex- 
tremely variable. We have seen that the bris^htest part of the southern 
Milky Way is that which traverses the Eagle and the Swan. In the 
southern hemisphere, the part comprised between the Ship and the AltJir 
is still more remarkable. But, as Humboldt has observed, there is a cir- 
cumstance which still more increases the magnificence of the Milky Way 
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in the southern hemisphere ; this is the vicinity of a long zone of Teiy 
brilliant stars, which we have already remarked in reviewing the con- 
stellations, — a zone which begins at Sinus in Ganis Major, traverses tiie 
Ship and the beautiful stars of the Gross, the Centaur, and the Scorpion. 
According to an English observer. Captain Jacob, the rising of this 
portion of the heavens is heralded by a general illumination of the sky, 
so decided that he compares it to the light of the new moon. 

When the Milky Way is examined by the help of telescopes, it is 
resolved into a multitude of stars very near together, but very irr^u- 
larly arranged. Star-clusters of irregular form are especially very nume- 
rous ; but globular clusters are only found in the brightest portion of 
the southern zone. " If some regions," says Humboldt^ '^ present large 
spaces where the light is uniformly spread, there are others where spaces, 
shining with very bright lights alternating with others poor in stars, 
cover the sky with an irregularly luminous network. We find also, even 
in the interior of the Milky Way, dark portions where it is impossible 
to discover a single star even of the eighteenth or twentieth magnitodes. 
At the sight of these absolutely void regions, it is impossible not to 
believe that the visual ray has really penetrated into space, traversing 
the entire thickness of the stellar stratum which surrounds us."* 

In many parts this nebulous zone has been so completely resolved 
that the stars appear projected on a black ground, absolutely deprived 
of all nebulosity. But in other regions a whitish glinmier is still per- 
ceived behind the stars, which shows that in these directions the Milky 
Way is really impenetrable. 

We shall by and by examine what is, in all probability, the real form 
of the Milky Way, and what inferences may be drawn from it as to the 
general structure of the visible universe. 



XIV. 

PHYSICAL AND CHEMICAL CONSTITUTION OF 

THE STAES. 

Stars are Suns. This is the last verdict of Science on the constitution 
of these so prodigiously distant bodies. For a long time the fi&ct has 
been dawning on us, and already men of science and genius have based 
on this idea brilliant researches on the general structure of the universe. 
But how could we hope to be able to pass beyond the domain of con- 
jecture in this matter ? Were we to imagine that optical instruments, 

• Humlwldt, Cosmos, vol. iii. p. 159. 
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refractors, and reflectors, the constraction of which is already so perfect, 
would acquire by new progress a power superior to that they now possess, 
and*penetrate to depths of space a thousand times more considerable than 
those they already reach, what would result 1 

That many of the suns nearest to us might then be scrutinised, at 
200, 600, or 1000 times the distance of our Sun : this would be a step 
certainly not to be despised, but at most we should only be able to esti- 
mate their real dimensions by the measure of their apparent diameters, 
which might then possibly become sensible. 

Fortunately for us, this unexpected, if indeed not impossible, per- 
fection of optical instruments is not requisite. Thanks to an admirable 
method of analysis, which enables us to affirm by observation of a lumin- 
ous spectrum the presence or absence of certain substances in the light- 
source, — ^in a word, thanks to spectrum analysis, we are now able to say 
that such and such a metal, as iron, copper, or mercury, exists in a 
certain star; that another contains sodium or manganese. Already have 
we discovered, in Sirius, Aldebarau, a Orionis, Vega, and others, the 
presence of many substances known in our world, and of others with 
which we are not acquainted : and this new branch of astronomy 
promises the most interesting and abundant harvest. 

In presence of such astonishing conquests of Science we do not know 
truly which to admire the most, the magnificent chain of natural phe- 
nomena which enables us to conclude from one fact, actual or present, 
another fact past or future, of which the theatre is, as it were, at an 
infinite distance ; or the power of penetration of the human mind which 
patiently seizes each link in the chain of facts, and connects the most 
distant and the most invisible with those which are at our very doors. 

[Let us endeavour to give an idea of this branch of research, and of 
the progress already made. We have already referred, in our Chapter 
on die Sun, to the solar spectrum, which was familiar to man's gaze in 
the rainbow, that child of showers and raindrops, long before Philosophy 
claimed it or utilised its teachings. What nature does by means of a 
rain-drop, physicists accomplish by means of a prism ; and the first 
teaching of the prism was, that a beam of light is not a single thing, but 
a bundle of things, called rays, each with its own special mission, as if 
each had a master of its own, and had a different tale to tell or note to 
sing. And so it has. Let all the rays in a sunbeam sing in chorus, and 
the chord which falls on our eye, as sound would fall on our ear, is white. 
Now, let the beam be sent through the prism, and let the latter work 
its spell ; the chord has vanished. In place of it we find each ray with 
a coloured note, and may liken the glorious coloured band, which we 
call the solar spectrum, to the key-board of an organ ; each ray a note, 
each variation in colour a variation in pitch ; and as there are sounds in 
nature which we cannot hear, so there are rays in the sunbeam too subtle 
for our eye& 
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But observe the spectrum of the sunbeam more closely ; there 
gaps which we may likeu to silent notes. How is this f Let us try 
an experiment; let us light a match, or anything which bums white, and 
observe its spectrum. It is contintums ; that is, from reddest red, through 
the whole gamut of colour, to the visible limit of the violet, each ray 
accomplishes its special mission, tells its tale, and sings its song. There 
are no silent notes, no dark lines breaking up the band. 

Let us try another experiment Let us bum something which does 
not bum white ; some of the metals will answer our purpose. We see 
at once by the brilliant colours which fall upon our eye from the vivid 
flame, that a different chord is struck ; but let the prism work again 
its spell, and tell us the notes. 

This time we shall find, not only that the spectrum is not continnous, 
but that the chord consists perchance of only two, three, four, or more 
single noies, as if on an organ, instead of striking down all the keys^ we 
but sounded one or two notes in the base, tenor, or treble. 

Again, let us try still another experiment Let us so arrange our 
prism, that while a sunbeam is decomposed by its upper portion, a beam 
proceeding from such a light-source as sodium, iron, nickel, copper, or 
zinc, may be decomposed by the lower one. We shall find in each case, 
that when the brigJU lines of which the spectrum of the metals consists 
flash before our eyes, they will occupy absolutely the same positions in 
the lower spectrum as some of the dark bands, the silent notes, do, in the 
upper solar one. 

Here, then, is the germ of KirchhofTs discovery, on which his hypo- 
thesis of the physical constitution of the Sun, is based ; here is the secret 
of the recent additions to our knowledge of the stars, for stars, and snns, 
and Nature's laws, are the same for all. 

Vapours of metals and gases absorb those rays, which the same metais 
and gases tliernselves emit. 

We are now in a position to inquire, what has become of those rays 
which the dark lines in the solar spectrum tell us are wanting — those 
rays which were arrested in their path, and prevented from bearing 
their message to us ) Before they left the regions of our incandescent 
Sun, they were arrested by those particular metallic vapours in his almospherey 
with which they beat in unison ; and our assertion, that this and that 
metal exists in a state of vapour in the Sun's atmosphere, is based upon 
their non-arrival : for so marked, various, and constant are the positions 
of the bright bands in the spectra we can observe here, and so entirely 
do they correspond with certain dark bands of the spectrum of the Sun, 
that it can be affirmed, that the chances against the hypothesis being 
right are something like 300,000,000 to 1. 

So much for the Sun. Fraiinhofer was the first to apply this method 
to the stars ; and we have lately reaped a rich harvest of facts, in the 
actual mapping down of the spectra of several of the brightest stars, and 
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the examination more or less cursory of a very large number. In all, 
the plan of structure has been found to be the same ; in* all, we find an 
atmosphere sifting out the rays, which beat in unison with the metallic 
and gaseous vapours which it contains, and sending to us the residuum, 
a broken spectrum abounding in dark spaces. But how eloquent is 
silence sometimes ! Who would think, that in those gaps would lie the 
secret of the physical constitution of distant worlds, and detailed infor- 
mation as to the constituent materials ? 

Let us see what Dr. Miller and Mr. Huggins, two of the latest 
labourers in the field, can tell us. 

Take the spectrum of Aldebaran, for instance ; the coincidence of the 
bright bands of light given out by sodium, magnesium, hydrogen, calcium, 
iron, bismuth, tellurium, antimony, and mercury, with dark lines in the 
solar spectrum, has been proved, seven other elements being tried and 
rejected. In Betelgeuse, the coincidence of sodium, magnesium, calcium, 
iron, and bismuth, has been proved. 

The seventy or eighty lines already measured and mapped in each 
of these stars, represent some of the stronger only of the numerous lines 
which are seen in their spectra. Already we are beginning to think 
that in the spectra of the stars the chemist is introduced to many new 
elements. 

It has been mentioned as a very suggestive fact, that the lines of 
hydrogen corresponding with G and F of the solar spectrum are wanting 
in the spectra of a Orionis and /? Pegasi, and these two stars only, out 
of more than fifty stars examined. 

^ Pegasi contains sotlium, magnesimn, perhaps barium. 
Sirins ,, socUum, magnesium, iron, nydrogeu. 

Vega „ sodium, magnesium, iron. 

PoUux „ sodium, magnesium, iron. 

How forcibly are we here reminded of that gigantic query of the 
immortal Newton, *' Are not the Sun and stars great earths vehemently 
hot I " for surely a Orionis, with its atmosphere containing five of our 
elements, and Aldebaran, with nine, cannot be vastly different in con- 
stitution from our Sun, the atmosphere of which contains ten — possibly 
fourteen — according to our present knowledge.* 

We have also, as has been pointed out by the observers we have 
named, pretty certain proof of the idea which has long been floating in 
many minds as to the cause of the colours of the stars, through their 
variability in colour, which has lately been so strongly insisted upon, is 

* ELEMENTS IN THE SUN. 

Sodium. Copper. Cobalt, doubtful. 

Iron. Zinc Strontium ,, 

Hydrogen. Calcium. Cadmium „ 

Magnesium. Chromium. Potassium, probably not, 

Banum. NickeL 

The above according to KirchhofF, except Hydrogen. 
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still to be explained. They remark: — "As spectrum-analysis shows that 
certain of the laws of terrestrial physics obtain in the Sun and stars, there 
can be little doubt that the immediate source of solar and stellar light 
must be solid or liquid matter maintained in an intensely incandescent 
state, as the result of an exceedingly high temperature. For it is from 
such a source alone that we can produce light, even in a feeble degree 
comparable with that of the Sun. As the continuous spectrum of the 
light from incandescent solid and liquid bodies appears to be connected 
with the state of solidity or liquidity, and not with the chemical nature 
of the body, it is highly probable that the lights when first emitted from 
the photospheres of the Sun and stars, should be in all cases identical, 
the differences of colour depending upon the differences of constUtUion of the 
investing atmosphere, and these again intimately connected with the chemi- 
cal constitution of the stars. The light of the stars will vary in conse- 
quence of the loss of different ray& For, in proportion as the dark lines 
occur more largely, or are more intense in particular parts of the spectrum, 
so will those colours be weaker, and the colours of the other refrangi- 
biiities will equally preilominate." 

This, however, is but one of the sides of the inquiry. We are now 
furnished with many others. Thus, for instance, we must for the future 
look upon a Orionis and /? Pegasi as worlds without hydrogen ; while, 
probably, the atmosphere of Sinus is more charged with vapours than 
is that of our Sun. 

These observations, as a whole, show that the stars differ from each 
other and from our Sun, only by the lower order of differences of special 
modification, and not by the more important differences of distinct plans 
of structure. There is, therefore, a probability that they fulfil an analo- 
gous purpose ; and are, like our Sun, surrounded with planets, which by 
their attraction they uphold, and by their radiation illuminate and 
energise. It is remarkable that the elements most widely diffused 
through the host of stars are some of those most closely connected with 
the constitution of the living organisms of our globe, including hydrogen, 
sodium, magnesium, and iron.] 



BOOK THE SECONP. 



THE NEBULiE. 

[One of the most important discoveries of modern times lias been that 
which has furnished evidence of a fact, long ago conjectured by the master 
minds among us, namely, that Nebulce are something different from masses 
of stars, and that their cloud-like appearance is to be ascribed to some- 
thing besides their possible distances, and the still comparatively small 
optical means one can bring to bear upon them. The discovery is still 
so recent, tliat there has not yet been time to sort out the real from the 
apparent nebulae. But we are, at all events, justified for the purpose of 
our present sketch, in accepting as nebvJce everything hitherto classed 
as such, although it is nearly certain that the powerful means of differ- 
entiation which spectrum-analysis has now placed at our command will 
place many of them in the category of distant star-clusters — if, indeed, 
it does not in time indicate a transitional state.] 

If we examine the space in Andromeda which separates the square of 
Pegasus from Cassiopea, we shall readily perceive, a little below the line 
which joins these two constellations, a luminous mass — a little whitish 
cloud of elongated form, in which the eye cannot distinguish any stars. 

If we employ a telescope even of great power, the form becomes more 
defined, and the oval seems more decided, but the soft and pale glimmer 
of this little celestial cloud retains its nebulous appearance, and there is 
still no trace of a star. 

This is a nebula, well known under the name of the Great Nebula in 
Andromeda.* 

The celestial spaces are strewn with a multitude of similar objects, 
varied in dimension, brightness, and formu All have received, on account 
of the cloudy appearance which they offer at first sight, the name of 
Nebuke. A very limited number are visible to the naked eye, a circum- 
stance explained by the smallness of their apparent dimensions, the feeble- 
ness of their light, and in some cases the vicinity of relatively bright stars. 
In the telescope they appear by thousands : more than 5000 are no'iv 
known ; and this number increases in proportion as the different regions 
of the sky are explored with more powerful instruments. 

* Simon Marios, or Mayer, observed and described this nebula in 1612. It was 
the fint which attracted the serious attention of astronomers. Foi-ty-four years 
later, Huyghens discovered the great nebula which surrounds tlie sextuple star 
9 Ononis ; since that period, and especially since the end of the eighteenth century, 
the catalogues of nebuhe have been enriched with numerous observations, and a 
complete branch of astronomy has been developed. 
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The question, What are the nebulas 1 has long been asked. Were 
they agglomerations of diffused matter 1 celestial luminous clouds 1 or 
were they groups of condensed stars, which extreme distance rendered 
separately invisible ! 

When studying the natural groups of stars, such as the Pleiades, we 
remarked that some eyes only distinguish a confused glimmer. To such, 
the Pleiades put on the appearance of a nebula — a circumstance repro- 
duced in the case of a great many clusters, which, where the best eyes only 
distinguished an ill-defined luminous mass, are transformed, as we have 
seen, by telescopes into a multitude of distinct stars. 

Hence, in the old classification, the first class of nebulsB comprised the 
star-clusters. Astronomers gave tliis name to all nebulosities, which tele- 
scopes entirely separated into stars. 

A second class comprised those partially separated into stellar points, 
but in which some portion resisted resolution. 

Lastly come the nebulae, properly so called, in which the most power- 
ful telescopes distinguished no stars. 

But tlus classification was held to be quite relative, and depending 
entirely on the optical power of the instrument, the sight of the observer, 
and purity of the sky at the time of observation. 

[This was true in the main, and still remains so ; but^ as we shall see 
by and by, we now recognise in the nebulas proper a distinct physical 
constitution.] 

Before commencing our detailed description of the nebulae, let us say 
a word on their distribution over the starry vault. This is very unequal 
in the northern hemisphere, and in those parts of the southern one visible 
in the northern temperate zone. 

The greatest number is found in a zone which scarcely embraces the 
eighth part of the heavens. The constellations of the Lion, the Great 
Bear, the Giraffe, and the Dragon, those of Bootes, Berenice's Hair, and 
tlie Hunting Dogs, but principally the Virgin, form this zone which 
extends as far as the middle of the Centaur ; it is known under the name 
of the nebulous region of Virgo. 

Nearly at the opposite pole of the sky, another agglomeration of 
nebulae embraces Andromeda, Pegasus, and the Fishes, and extends lower 
than the first-named constellation into the southern heavens. 

It is noteworthy that the regions nearest the Milky Way are the 
poorest in nebulae, whilst the two richest regions lie at the two poles of 
that great belt in which the stars are so numerous and condensed. The 
nebulae are more uniformly spread over the zone which surrounds the 
South Pole ; they are at the same time much less numerous. On the 
other hand, there are two magnificent regions there, which alone contain 
nearly 400 nebulae and star-clusters. 



NEBULiE OF REGULAR FORI!. 
I. 

NEBULE OF EEGULAE FORM. 



The forms, apparent dimensions, and intensity of the light of nebula, 
are extremely v&ried. The very different distances, doubtless, by which 
they are removed from us, have something to do with tliese appearances ; 



Fig. 151.— Ntbula-orvinularandovolfunu.. (;^lr J. IlemcUel.). 

hnt it is probable also that their real structure and dimensions, anil 
the state and temperature of the matter of which they are formed, alen 
inBoence their apparent characters. In the present transitional state of 
our knowledge all classification is purely arbitrary, and it will be undei- 
stood tba*. iu only object is to infuse a Uttle order into our inventor)'. 
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We shall then be guided in our description by the apparent forma as- 
sumed by the uebulte; and we will begiu with the nebube of regular ahape. 

The round, globular, or eplieric&l form, is very frequent. It may 
poaeibly be found that, in many cases, the nebuhe which affect these 
appearances are nothing else than star-clusters ; their immense distances, 
or the extreme smallnesa of the stars which compose them, may prevent 
our distinguishing separately the luminous points, which, even in the most 
powerful telescopes, only present a confused phosphorescent ghnuner. 
Great probability is lent to this hypothesis, as we have before hinted, 
by the fact, that each new triumph of optical skill results in a resolu- 
tion of some nebulffi, before irreducible, and helps us at t^e same time 
to discover new nebuUe, at greater depths of space. 

Fig. 151 gives some examples of circular and oval nebal», choaen 



Fig. 13!.— Asnoliir Nabnbe. 

I. In Lyn (Blr J. HsncM). 1. The luns (Lord Roue). S. Annnlar niboU IB CjginB. 

4. In OpMuchoa. i. In Scorpio. 6, NcbulK otw Y AnOroiiMi]*^ 

from a numerous collection of similar objects. The perfectly rounded 
form of some is seen to pass, by imperceptible gradations, to the most 
elongated ellipses, at last ^proximating to a straight line. Near the 
centre of some of these nebuira a marked condensation of light is also 
noticed, which indicates an analogy with the spherical star-clusters. In 
some globular nebulte the brightness does not increase in a continuous 
manner from the circumference to the centre ; the gradation is replaced 
by concentrical strata, analogous to those which we noticed in the cluster 
in Toucan. This circnmstancd affords another point of resembtanco be- 
tween the resolved globular clusters and the nehnlte of the same form. 
The oval form probably belongs to very flattened condensation* pre- 
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sentod to us edgewise, the degree of flattening being attributed either 
to their real form, or to an inclination more or less decided towards the 
region of the sky which our aystem occuiiics. Among the nebulie of 
ronnd or oval form, there are only a few wLich present another very pe- 
culiar and curious structure : we refer to the annular or perforated nebule. 
One very interesting example is situated in the constellation of the 
Lyre, not far from Vega, between the two stars /3 and y of that con- 
stellation. A nebulous ring of oval form surrounds a darker space, the 
pa]e noiformly spread glimmer of which resembles a "light gauze" 



EriilanuifSirJ. Henc)i«l). i. In Uia Dnlconi 
ut B«i ^tr 1. Herachd). 

stretched across tbe ring. Such is the appearance which this singular 
object at first presented (fig 153, 1). 

Lord Roase'a telescope has since partially resolved the ring into 
luminous points, and has 
shown paniUei lines in the 
opening ; the exterior bor- 
ders are also stellated with 
fringes (fig 132, 2,) 

We reproduce here, 
from the drawings of Sir J. 
Herschel, two other annular 
nebulfe, one oval, tlie other 
round. The first (fig. 152, 
3), which is very similar to 
the nebula in Lyra, is situ- 
ated between the constella- 
tions of the Swan and the 
Fox; the second (fig 152, 
4) in Ophiuchus. 

The oval form of the 
ring is already decided in Fig. im.— S^bnii tn *i^. (SirJ, Henchei,) 

the nebula numbered 5, which presents, moreover, a singularity which 
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we ehall again boou meet with : two stars are situated on the ring, at 
the extremities of its smallest diameter. Bat in an annular nebula (fig. 
152, 0), near the beautiful triple star y Andromedie, the ring is ezces- 
sively elongated ; and two stars are there also symmetrically placed, 
only this time it is at the extremity of the major axis of the ellipse. 

Thia regularity in the forma of a great number of nebulie is doubtless 
apparent only. It partly disappears when they are examined with veiy 
powerful instruments ; that is to say, wlien brought nearer to ua they 
reveal the details of their structure. Then the large masses of light not 
being preponderant, the fonn loses its symmetry, as may be seen in the 
two drawings which represent the annular nebula in Lyra (fig- 152, 1,2). 

Again, always bearing in mind that the classification which we have 
adopted is an arbitrary one, we may rank among the regular nebolK 
those which affect the conical or parabolic fonn, similar to tliat of 
some comets. We give here (fig. 153) three examples of these nebule. 



the form of which is analogous to som^ star clustera ; for example, the 
cluster numbered 6 in the frontispiece, which shows the same luminoiia 
concentration at the apex. 

Here, again, is a nebula (fig. 154), which by ita widening form 
approaches the cometary nebula, but which seems to suggest at the 
same time, by its singular outline, the first approach to a spiral nebula. 

In all the nebulie whicli we have examined, the regularity of form 
is mnnifested by a symmetry, such that each object is divided in two 
equal parts by its axis. But it is important to insist on the fact that 
thia regularity often disappears when optical instruments of greater 
illuminating power show the different portions with more clearness. 
It is oiten surprising to see a nebula thus transformed to the eye in a 
most complete manner. In no example is change of form so decided 
as in the nebula in Canes Tenatici. 
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Let UB look at the preceding figure. 

We see, at the centre of a ring, double throughout half its contour, a 
bright, globular nebula, accompanied by a emaller nebulosity of round 
form, sitnated outside the ring and at some distance away. It was 
under this form that it was first seen and drawn by Sir J. Herschel. 
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with a multitude of stars, diverge from the centre, and become separated 
one from the other more and more as they recede from it, at last being 
lost in a direction oommon to all. The exterior filaments of this pro- 
digious spiral of stars join the small exterior globular nebnlie which at 
firBt appeared isolated from the ring. 

Lastly, according to the most recent observations of M. Chacomac, 
this latter nebula itself affifCts the gptnil form, its contours being con- 
nected with the spirals of the principal nebula. 



Fig, lil.— eplnl nabul* In Vligo. (Lord Bone.) 

The imagination remains confused in presence of such a grand spec- 
tacle. It loses itself in endeavuuring to calculate the total dimensions of 
this immense system, by assuming a probable distance for the atoms of 
this star-cluster. We are startled at the depth of the abysses into wbicit 
the human gaze plunges. What strange forces have produced tliis hurri- 
cane of matter — perhaps of suns 1 Is the spiral the original form of 
those gaseous matters, the condensation of which may give, or has given, 
birth to each individual of this gigantic association t 

These are questions which the mind puts to itself, the complete 
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solution of vhich will doubtless demand maay centuries. Shall we 
e?er be able to recognise in these groups variations of form, distinct 
from those due to the varying power of tlie various instruments and the 
'difference of sight of observers T In a word, shall we ever be able to 
prove the movements of the constituent parts of the nebulie t 

The spiraloid fonn is not confined to the nebula we have described. 
It is quite as clearly defined in the nebula in Virgo represented in fig. 157. 
The luminous branches of this spiral, four in number, are clearly sepa- 
rated by dark intervals, and divided besides by daricer spirals, which 
indicate strings of matter less condensed. All diverge from a central nu- 
cleus, where amuch more decided light indicates a powerful concentration. 

The number of nebulfe in which the spiraloid form is observed was 
at first rather small, but in proportion as the sky is explored by more 
powerful instruments the number has increased. In the important 
memoir published by Lord Eosse in 1861,* we have noted forty spiral 
nebulffi, and thirty more in which this form is suspected. 



ng. lU.— Splnl ntbDlKL (LordBoN*.}— 1. Ofthe Lion. 1 Of F^uui. 

In a nebula of the nortliem heavens, situated on the confines of the 
Great Bear and of Bootes, the centre is like a large globular nebula with 
a very marked condensation, whence radiate branches arranged in the 
form of spirals. In several points of these branches other centres of 
condensation are noticed. Sir J. Herschel had classed this among the 
nebulffi of rounded globular form, doubtless because the central nebulosity 
was the only one revealed by his telescope. Some few stars are scattered 
here and there on the ground which it occupies. In the two nebulie in 
fig. 158, which are situated, the first in the Lion, the second in Ft^asus, 
the spiraloid form is less decided. The spirals approach nearer to an 
elliptical form and are enveloped one in the other. 
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NEBULA OF IRREGULAR FORM. 

L»rge Nebaloiu Mitnea UTecting no SymtoBtrical Form— DiTetsitj of Aspect with Lstn- 
id«dU emplayad — Nebulte in the Conatellatioiu of Audromedi, tUe Lion, Foi, 
Sobiuki'i Sbield, ud Um Bull— Orut IiteguUr Nebal» of Orion niid Argo. 

All the nebiUie we have just described are dUtingaUhed b; a regulari^ 
and a Bynunetry of form which, joined to a condensation of the Ugfat, 
either in one central point or along convei^ng curves, indicate some 
bond linking together all the constituent portions of each. It is impos- 
sible not to recognise in them so many systems, although as yet we are 
ignorant of their precise nature. And it is possible that & number amongst 
them are not yet decomposed into stars, owing to the immensity of theb 



distance, or, what comes to the same thing, the insufficient power of 
our telescopes. 

Besides these regular aggregations, there are other large nebolons 
maases which affect the most vanous forms, completely removed from all 
symmetrical appearance. But such is the variety, such the richness of 
these systems, that we can pass from the nebulae of spherical fonn to 
others, the most bizarre and irregular, by every imaginable gradation. 

Let us examine the glimmer of lengthened oval form represented in 
fig. 159. 

The con lensation of light noticed at its centre makes it resemble, 
according t^ the expression of the first observer — Simon Marius, "the 
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flame of a candle sefn through a leaf of traneparent horn." It is the 
nebula of Andromeda, which we have already mentioned. Ita aymme- 
trical form, which caused it to be once classed among tlie regular nebulte, 
has disappeared in the powerful refractor of Cambridge, U.S. (fig.160). 
The nebulous masses which compose it have been found to be separated 
by two long canals, and it has been partly resolved into stars. Bond 
has counted more than 1 500. The general primitive form is still recog- 
nised at the centre of the nebula, but it is singularly altered, and in< 
stead of one central point of luminous condensation, several excentrioally 
situated may be noticed. 



Another nebula of elliptical form situated in the constellation Leo, 
and represented in the drawing (fig. 151, 7), as seen by Sir J. Herschel, 
has been observed in a different form (fig. 161) in Lord Bosse's telescope: 
the central nucleus is composed of envelopes which take an annular 
spiral form, and the extremities of the oval are marked by luminous 
jffve placed on each side of the axis, like the vertebral column of a ftsh. 

Lutly, another remarkable example of these optical transformations, 
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purely apparent, as they only depend on the power of the instraments, 
is furnished by a nebula situated in the constellation Vulpecula. Sir J. 



Fig. K1.— Elllpdol umnUr neboU nt the Lion. (Sir J. HcnAak) 

Hcrsclicl, to whom we owe the jiiiit <lrawing of this nebula (fig. 1S2), 

gnve it the name of the " Dumh-bell." 

Two luminous masses, symnietriciilly placed and bound together bya 
rather short neck, the whole 
surrounded with a light nebuloas 
envelope of oval form, gsve it * 
very marked appearance of re- 
gularity. This aspect was, how- 
ever, modified by Lord Eosae* 
telescope of three-feet aperture, 
nnd the nebulous masses showed 
a decided tendency to resoN- 
abilily. Later still, with the 
six-feet telescope numerous stirs 
were observed standing out, how- 
ever, on a nebulous ground. The 
general aspect retains its primi- 
tive shape, less regular, hut strik- 
ing, nevertheleas (fig. 163). 
The irregular nebuhe aie 
ng. iM,-iMn,b^b,ii i*buu. (8irJ.H6ncb8i.) gometimes presented under the 

most fantastic forms. Sometimes they affect long vaporous trains, which 
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here utd there send oat their branches ; BoinetimeB these shapes are 
busarre in the extreme. Such is the nebula in Sobieski's Shie)<L An 
elliptical portion is terminated by two appendages, one of which is nearly 
rectilinear, and gives it the form of the Greek capital letter Omega (Q). 
In the middle of one of the angles (fig. 164) two luminous condensations 
are remarked, similar to the spherical or globular clusters. 

A foi-m, still more singular, is that of the nebok in Taurus, which. 



Fig. IM.— Domb-bell nebnii. (Lord Bmh.) 

viewed in instruments of slight illuminating power, appears like a regular 
ovaL As seen in Lord Rosse's large telescope, it resembles (fig. 165) a 
gigantic lobster, the antennse and claws of which are figured by long 
strings of stars. 

In the centre of one of the two Magellanic CloTids, which we have 
already referred to as among the most beautiful objects of the southern 
sky (we shall describe them farther on in some detail), is a nebula, the 
complex form of which serves as a transitional point for us to pass to the 
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large irregular nebulie. It is the nebula of Doradus (Plate XXL) TIk 
central part is composed of three bright, annular nuuaes ; tbe two smallrsi 
are circular ; the largest, of the form of a pear, is surrounded with mocli 
paler appendages, studded with a great number of small stars. 

Imperceptibly we arrive at the large nebuhe, the shapeless forms of 
which restimble clouds disturbed and torn by the tempest. Bat here, 
Again, we find in the glimmers of these distant agglomerations indicatiuns 
of resolution into stars, [ur into something, of which more anon.] 

Human language has no expression capable of rendering the senti- 
ments of admiration, of profound stupefaction, into which the thoaght is 
plunged, when, thanks to the marvellous power of onr telescope^ oai 
sight penetrates the distant strata of the sky, in which these nnesrliiij 
objects shine. 

The lai^st nebulse of irregular form are found in the vicinity of tiie 
Milky Way, among the most brilliant constellatjons of the sUny skj. 



Fl«. IM.— Katnli Is BobtatU') BUald. (Sir J. HanchsL) 

Let UB give some details of the two moat interesting. 

One, situated in Orion, surrounds the magnificent sextuple stw 9, 
which we have described when speaking of the systems of multiple Sunf. 
The other surrounds a star equally noteworthy, rj Argfls, so remarkable 
on account of its quick and capriciouB variations of brightness. Tli^ 
drawings, which we here give of these two great nebnite (Plates XXL 
ftnil XXII.), according to two illustrious observers. Sir J. Herschel »nd 
G. P. Bond, relieve us of a description which would necessarily be v^ue 
and incomplete.* 

• It is almoBt imnosdble to reenncile the two dtawingi of Bond snd HnfiM' 
irithoat Hdmitting the suppoaitioD of a considerable cbange to wbidi the nw 



nebuljC in doradus and surrounding eta arqOs. 

(BIrJ. Henehd.j 
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Since Huygheos discovered the nebula of Orion in 1 65 6, this magni- 
ficent object haa been observed with a constantly increasing care, and the 
different regions, more or less luminous, which compose it, have been 
described in every detul. By degrees, the stars which overspread the 
expanse have been recognised as more numerous ; and astronomers have 
arrived at the conviction that it is resolvable. 

Sir J. Herschel compares the brightest portion to the liead of a 
monstrous animal, the mouth of which is open, and tlie nose of which is in 



Fig. les.-Nebnlii in Tiimu (Crab nebnU). (I.onl Rcisst.) 

the form of a trunk. Hence its name, the " Fish-moiith Nebula." It is at 
the edge of the opening, in a space free from nebulie, that the four bright- 
est ofthe components of flare to be found ; around, but principally above, 
the trapezium fonned by these four stars is a luminous region with a 
mottled appearance, which Lord Rosae and Bond have panly resolved. 
ImnuLOQs KfdoD his ba«n Bobjected during the intarval elnjiseJ bptneen the «poclu 
of the two obaervetB." — Liapounov, ' ' Obt^vationa of Ike Great Acbulii of Orion, madt 



350 THE SIDEREAL SYSTEM. 

This region is remarkable on account not only of the brilliancy of its 
light, but also of the numerous centres where this light is condensed, 
and each of which appears to form a stellar cluster. The rectangular 
form of the whole is also worthy of attention. The nebulous masses sur- 
rounding it, the light of which is much fainter than that of the central 
region, are lost gradually ; according to Bond, they assume a spiral form, 
as indicated in the drawing executed by that astronomer. 

[It has now been placed beyond all doubt that the changes oC finm. 
have taken place in the course of our most modem observations.]* 

According to Sir J. Herschel, the great nebula of Orion occupies a 
space on the sky, the apparent dimensions of which have the same extent 
as the lunar disk. He seems to believe that it is attached to the Milky 
Way — that it is perhaps the prolongation of the branch which leayes 
the main trunk in Perseus, and extends itself towards the Pleiades and 
Aldebaran. 

[This, however, is now no longer probable.] 

The nebulosity which surrounds 17 Argda (Plate XXI.), like that of 
Oripn, does not present any symmetry in its form or in its outlines. It 
is situated in the Milky Way, in the midst of a region so rich in stare, 
that more than 1200 have been counted in the area occupied by the 
nebula. The stars, however, do not seem to form part of the nebulosity, 
but rather aj>pear to be simply projected on it. 

Towards the centre of the nebula, and close to the star r/, an opening 
of a lengthened and rounded form is noticed, which leaves in view the 
dark ground of the sky. [This has been named by Mr. Abbott, a care- 
ful observer, " the Crooked Billet" 

The evidences of change in this nebula are even more decided than 
in that of Orion. Tliis object indeed may supply a link of the greatest 
importance, for we read that the objects of which it is composed (not 
stars) ^ are now of a larger character, and more refulgent, than nebulous 
matter in general. "]t 

* '* The observntioiis AS to tlie distribution and brightness of the nebulous matter 
do not imply any change of fomi, but many fluctuations in the brightness of the 
different purts. fhe general impression which I hare received from these oboenrm- 
tions is, that the central part of the nebula is found in a state of continual agitation, 
like the surface of the sea." — 0, StruvCf OhservaUians cU Poulkowa, ** Memoirs qf the 
Academy 0/ SdcHces 0/ St. Petcr^mrg^ 1862.** 

[Since this was written, M. Otto Struve, iFather Secchi, and many obsenrera is 
this enuntryi have completely established thejfact that a change of form has taken 
place. ] 

t [Mr. Abbott, in 3foiUJJij Notices of tJif Royal AstronomUal Societu, Apdl 
1853, p. 198.] 
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PLANETAEY NEBULA AND NEBULOUS STARS. 

Planstary Nebuin — Virlation of AipAct — Nabnlon* 9tua. 

Tbe Dune of Planetary Nebtdre has been given to those the form of which 
is that of a disk uniformly iuminous, an appearance which causes them 
to resemble a spherical body slightly illuminated by borrowed light, — 
in a word, a planet. In fig. 166 are represented a few of these nebulie 
of circular form. 

That which distjngaishea these nebulie ^m those we have previously 
described is the equality of their light and the absence of all luminous 
condensation at the centre. 

It is only on the very borders of the nebulous disk that a slight 
diminution in the intensity of the light can be perceived. It cannot be 
held that they are extremely distant clusters of stars of spherical or 
ellipsoidal form, since, as we have seen, even on the supposition of an 
equal distribution in space of the components of the group, perspective 
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alone would give an apparent condensation towards the centre. Again, 
are any of them by any possibility veritable clusters of flattened form 
presented to us with their circular surfaces perpendicular to our line of 
sight 1 Or, as remarked by Sir J. Herschel, are the stars of these nebulte 
in the form of a hollow spherical shell % 

[These questions, so long asked, are, as we shall see, now partially 
answered.] 

The planetary nebula in Ursa Major, the light of which is uniformly 
distributed in Sir J. Herschel's drawing (fig. 166), has been seen under 
quite another aspect through the large telescope of Lord Bosse. The 
disk is changed into a double luminous crown, surrounded with a fringed 
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border, two points appearing at the centre of the nebulosity which have 
every aspect of etars (fig. 1G7). 

Another example of these changes is furnished us by the planetary 



Fig. MT.— PUnstuT Nebnle. (Lord Roue.)—!. In Um lUfor. ^ In AndromedL 

nebula near k Andromedfe, which, peifectty round in the drawing of 
Herschel (fig. 166, 2), appears under tlie form of a luminous ring in that 
of Lord Eoase (fig. 163). 



FteMM 
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Let US fimsh our list, so marvellously rich in various forms of nebulx, 
by mentioning those which have received the name of " nebulous stars." 
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Theee are no other than nebulte, sometimes clrcul&r, sometimeB oval, 
sometimes annular, but always regular ; in the interior of wliich appear 
one or several stars standing out distinctly from the nebulosity, and 
being moreover symmetrically placed. 

If the nebula be circular, the star 
occupies the centre ; in the case of an 
elliptical fonn, two stars are seen placed 
as if they were the two foci of this 
curve. One is figured in fig, 168, 5, 
where three stars ace regularly dis- 
posed at the angles of an equilateral 
triangle, whilst another very elongated 
nebula has two stars, placed outside 
the extremities of the greatest dia- 
meter. Here, as in the planetary 
nebulie, very powerful telescopes enable 
us to see, instead of a disk feebly but ' 
equally illuminated, forms which nit: 
much more irregular, and in which the 
light is distributed in or much more ' 
unequal manner. 

Such are the nebulfe represented in fig. 169, taken from the original 
drawings of Lord Bosse. It has also been asked if we may not see, 
in these nebulous stars, suns enveloped with an atmosphere of con- 
siderable dimensions, rendered i-isible at these enormous distances by 
the light of the stellar focL This opinion is certainly not deprived of 
probability, although a^n we may consider nebulous stars as clusters 
of a multitude of very small ones, having at their centre a sun, single, 
double, or even multiple, of which the great brilliancy suffices to explain 
its particular visibility. 

Sir J. Herschel describes a planetary nebula, the light of which is 
about equal to that of a star of the sixth or seventh magnitude, its. 
diameter about 12*, its disk slightly elliptical, with a sharp, clear, and, 
well-defined outline, "having exactly the appearance of a planet, widi 
the exception only of its colour, which is a fine and full blue verging 
somewhat on the green."* The same astronomer describes three other 
nebulte, the colour of which is a clear sky-blua 

As these Utter nebulte are all planetary nebula, if the hypothesis 
of a diffused matter be admitted, it must be supposed that its light 
possesses a particular colour. 

• OuUiiui of AHroHomy, 8tli EJition, p. 845. 
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IV. 

DOUBLE AND MULTIPLE NEBULA 

OroQp* of Nebnl«— Probability of > Phjaicil CoddmUdu between tlie Campouenti — 
H nltipla NebolB in Uu Larger IfagelUn i c Cloud. 

We have noticed nebulte accompanied by Ejstems of double or multiple 
Stan, placed in a manner so symmetrical in the midst of the nebulosity 
that it is impossible to doubt the existence of a real connection between 
the stars and the nebals. Evidently these are physical groups of a 
special constitution. 

There exist also groups of nebulie analogous to groups of stars, that 
is to say, the components are physically, and not merely optically, con- 
nected. We agtun find in these interesting associations the same 
varieties of aspect and form as in the simple nebulie. 



Rg. 170— TkmbU ud oinUlpl* rifbuUr, fSlr J. Henwhel.)— 1 «nd A. In Vlim, S ud B. In l^oaa 
Bgnolec*. g. In Aquwine. t. In Um tlnb*eiUiill«Jar (OraiECIoad of HegellUL} 

Some appear formed of two globular clusters, in which tlie centnl 
condensation indicates not only a spherical figure, but probably also the 
existence of real centres of attraction ; examples of this are seen in fig 
170. Sometimes the components appear entirely separate and distinct, 
sometimes they encroach one on the other ; but whether these appear- 
ances are optical only, or whether there be a real physical connection, 
we know not. 



MAGELLANIC CLOUDS. 357 

Sometimes, again, one of tlie components is round or globular, 
whilst the other takes an elongated elliptical form. The nebula repre- 
Bent«d in fig. 171 is composed of two rounded masses, terminated by 
brilliant appendages, enveloped 
hj A nebulosity common to both, 
the whole surrounded by light 
luminous arcs similar to fr^- 
raents of a nebulous ring. 

The number of the nebulous 
centres is often very considerable. 
Sometimes it is as high as seven, 
as in the multiple nebules ob- 
served by Sir J. Herschel, of 
which we reproduce a curious 
specimen (fig. 170, 6). The group 

in question is one of the numerous ^'«- "i.-no-i-is n^buta. (Lord bo«..) 
clusters whicli form the largest of the two Clouds of Magellan. We 
may gather from this circumstance that the connection of these seven 
nebulse is purely optical, if the general nebulosity which envelopes them 
all does not indicate a physical union. 

For the rest, the connection of the components in the multiple nebuin 
will not, doubtless, be demonstrated in the same manner as we have seen 
that of the systems of the double stars. In these latter syst«ms, the 
movements of revolution of one of the suns round the other can be studied, 
because their distance, however stupendous, renders this movement 
obeerrable in a limited number of years. 

On the other hand, the multiple nebulte are supposed to be banished 
to such infinite depths in the abysses of the heavens, that any movement 
would remain imperceptible. Thousands of years — thousands of cen- 
turies, perhaps — would be necessary for us to become sure of any change 
in the position of the whole. Our telescopes will in vain increase their 
power, and the sight become more penetrating. We cannot anticipate 
time. Compared to the life of the worlds, our life is but a second, as 
our entire system is but a point in the expanse of the infinite. 



V. 
MAGELLANIC CLOUDS. 



When we look on the region of the celestial vault which surrounds the 
South Pole, we cannot help being struck with the contrast presented by 
the small quantity of stars which it contains, with the brilliant zone 
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which boiders on the Alilky Way, from Orion and Ai^, to the CeDtaar, 
pasaing by the Southern Cross. One solitary star of the fintmagnitade, 
Acheniar, more distant 
from the Pole than are die 
beautiful stara of the Cen- 
taur and of the Croes, shines 
in this part of the sky. 

But even this circum- 
Btancejcnders the singular 
aspect of the two nebaloaa 
spots, which seem two de- 
tached pieces of the great 
Galactic Zone, still more 
striking. These balf-«tel- 
lar, half-nebulouB systeme, 
unequal in magnitude and 
brightness, but easily seen 



Fig. 171— MiEellinlcClondi. The Snull Oond. 

dus ; the other, the smidler, and less brilliant, 
t 
I 

Pole. 
I Both an known by 

astronomers and naviga- 
tors under the name of 
"Cape Clouds,"/ or, again, 
"Magellanic Clouds." And 
to difitingnish them, we 
liRve again the Great Cload 
(Nvbecula Major) and Uie 
Small Cloud (Ifubetxla 
Minor), In figs. 172 and 
173 the general form of 
tliese two nebulffi is repre- 
sented. 

The Clouds of MageUan 
are distinguished &om all 
other nebulie which we 
Fig..;3.-M.g.iu^ica™d^ Ttoo^rtciond. '"'^e " y*** de«ribed by 
their great apparent dimen- 
sions, and by their phyGJcal structure ; this last character distinguishes 
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them from most of the brancliea aiid ofTshootB of the Milky Way, with 
which, we may also add, they do not appear connected in any way. 

The Great Cloud extends over a space which embraces nut less than 
forty-two square degrees — about two hundred times the apparent surface 
of the lunar disk. Tlie Small Cloud occupies an extent four times less 
than the other ; according to Uumboldt, it is surrounded " with a kind 
of desert," where, it is true, shines the magnificent stellar cluster of Tou- 
can, of which mention has been before made. If the exterior aspect of 
these two remarkable nebulee and tlieir situation in a celestial region 
poor in stars give to the southern sky a peculiar appearance, their real 



r%, 1T4.— CIduiIi or MigelUn. A portion of the Orcat ctoucL (Sir J. Hutclie],) 

structure makes them one of the wonders of the heavens. Examined 
by the aid of a powerful telescope by Sir J. Herschel, during his stay at 
tiie Cape of Good Hope, they were both decomposed in a manner of which 
fig, 174, which represents a portion of the Great Cloud, gives an idea. 
We have first a great number of single stars, the brightness of which 
varies between the fifth and eleventh magnitudes ; then star-clusters, 
some of irregular form, others — and the largest number — taking a globu- 
lar, spherical, or oval shape; lastly nebulee, some separate, others grouped 
in two, three, etc., most of them rounded and regular. Some of them, 
known under the name of Nebulee of Doradus, already described and 
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represented in Plate XXL, are situated in the Great Clond. " This 
nebula^" says Humboldt, '' scarcely occupies the T^th part of the area 
of the Cloud ; and Sir J. Herschel has already measured in this space 
the position of 105 stars, of the fourteenth, fifteenth, and sixteenth mag- 
nitudes, standing out on a nebulous background of unbroken and uniform 
brilliancy, which has resisted the most powerful telescopes." 

The double and multiple nebulae are also much more numerous here 
than in the other zones of the heavens, richest in objects of this nature. 

Thus, we repeat, the constitution of these irregular nebubo appears 
quite different from that of the Milky Way, from which we miay also 
2uld they are some distance removed. They are distinguished also from 
other known nebulsB, and seem like miniatures of the entire heavena 

A word now on the structure of each of the two Clouds. In the 
Great Cloud, Herschel has counted 582 single stars, amongst which one 
only is of the fifth magnitude ; six others are of the order inmiediately 
inferior, and would doubtless be visible to the naked eye if their light 
were not effaced by the general glare. Then come 291 nebulse and 46 
star-clusters, forming so many distinct groups. 

In the Small Cloud, the single stars are proportionally more numer- 
ous, since 200 have been counted, amongst which three are of the sixth 
magnitude, whilst it only includes thirty-seven nebulae and seven star- 
clusters. These immense aggregations, the elements of which are them- 
selves swarms of suns, remind us of the largest, in appearance at least, 
of all the clusters which the eye contemplates in the depths of the sky 
— the Milky Way. 

VI. 
PHYSICAL CONSTITUTION OF NEBULA. 

ATiL the nebulae scattered throughout the depths of the sky were but 
lately considered to be so many agglomerations of stars, differing only 
from star-clusters by their general form, and the grouping of the com- 
ponents. But it has often been thought that, among these celestial 
clouds, there were some, at all events, com^iosed of diffused vaporous 
matter, or at least formed by the accumulation of bright corpuscles, of 
great relative tenuity, and as such, possessing no analogy with the other 
celestial bodies — ^with suns. 

The hypothesis of a nebulous matter, endowed with its own light, and 
scattered in immense masses over the expanse of the infinite, was proposed 
originally by astronomers whose instruments were unable to resolve these 
cosmical clouds. The large nebulae especially, like that which surrounds 
the star 6 Ononis, of irregular form, lent gi*eat probability to this hypo- 
thesis. But the resolution of the globular nebulae, one by one, at length 
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resulted in the idea of a real nebulocdty being confined to the irregular 
nebulae. 

But later still, modem observations, made with instruments of great 
power, by degrees showed an apparent identity of composition with the 
stellar clusters in a great number of these last nebulae. Thousands of 
little stars appeared, where before a phosphorescent milky glimmer, ac- 
cording to the expression of astronomers, of an indefinable and character- 
istic aspect, was noticed. The nebulae in Andromeda and Orion, in which 
observers had remarked no suspicion of stars or stellar sparkling, indi- 
cative of probable resolution, have recently been stated to be resolved, 
at least in part ; and, as a consequence, the hypothesis of a diffused, 
nebulous matter lost ground in proportion as our means of observation 
were increased. But still it was asked. Must it be quite abandoned 1 
The existence of matter of this kind is not incompatible with what is 
known of the physical constitution of the celestial bodies. Comets, 
with their vaporous nuclei, which show various degrees of condensation, 
their envelopes, and tails, so diffused that stars are perceived through 
them, and their small masses show that this existence is possible and 
real. The agglomeration, of whatever nature it be, which produces the 
zodiacal light, also supports the hypothesis of nebulous matters. 

Not long ago, however, in addition to the analogies in colour, distri- 
bution, and, above all, in physical connection, which the nebulae present 
with stars, both single and united in couples, a new analogy was dis- 
covered. We refer to the variability of their light, which, paradoxical 
as it may seem, seemed to render any analogy between them, as far as 
their physical constitution was concerned, impossible. Of two nebulae, 
both situated in the constellation Taurus, the first, near a star of the 
tenth magnitude of variable brightness, presented variations which 
appeared to correspond with those of the stars,* and has since finally dis- 
appeared. The second nebula, situated near (, after having gradually in- 
creased in brightness during more than three months,t also disappeared. 

Some analogous phenomena had been already recorded by Sir W. 
Herschel. Two stars, surrounded with circular nebulae in 1774, pre- 
sented no traces of these envelopes' in 1811. Arago has described 
another fact, bearing on the same kind of transformation : " Lacaille," 
he remarks, in a note to his Biography of Sir W. Herschel, " during his 
stay at the Cape, saw in Argo five small stars in the middle of a nebula, 
of which Mr. Dunlop, with much better instruments, could not see the 
slightest trace in 1825." 

Lastly, as we have before seen, it is impossible to reconcile the obser- 
vations and the drawings of the nebula of Orion, made by many contem- 

* D* Arrest, Hind, Chacoraac. 

+ Obaerved by M. Chacornac. The disappearance was not decidedly proved for 
more than six yeiirs after the maximum of brilliancy. It would be interesting to 
know whether a gradual decrease succeeded the phases of increase, or whether the dis- 
appearance wajB sudden. 
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porary astronomers without being obliged to admit that it has under- 
gone real changes in brightness and in the outlines of its different r^ions. 

The variability, the disappearance even, of a star, is explained by 
the aid of more or leas satisfiictory hypotheses. This, however, is not 
the .case with a nebula, if we admit that it is composed of distinct stars. 

[Was then the hypothesis of a nebulous matter correct after all, 
seeing that variations of brightness, progressive or even sudden extinc- 
tion of light, might be comprehensible in masses of this kind 1 

This question, thanks again to spectrum-analysis, we can now answer 
in a decided affirmative. 

In August 29, 1864, Mr. Huggins, whose observations^ on stellar 
spectra we have before referred to, directed his telescope, armed with the 
spectrum apparatus, to the planetary nebula in Draco. At first he sus- 
pected that some derangement of the instrument had taken place, for no 
spectrum was seen, but only a short line of light perpendicular to the 
direction of dispersion. He found that the light of this nebula, unlike 
any other ex-terrestrial light which had yet been subjected to prismatic 
analysis, was not composed of light of different refrangibilities, as we 
saw that of the Sun and stars to be, and it therefore could not form a 
spectrum. A great part of the light from this nebula is monochromatic, 
and was seen in the spectroscope as a bright line. A more careful 
examination showed another line, narrower and much fainter, a little 
more refrangible than the brightest line, and separated from it by a 
dark interval Beyond this again, at about three times the distance of 
the second line, a third exceedingly faint line was seen. 

The strongest line coincides in position with the brightest of the air 
lines. This line is due to nitrogen, and occurs in the solar spectrum 
about midway between b and F. The faintest of the lines of the 
nebula coincides with the line of hydrogen corresponding to the line F 
in the solar spectrum. The other bright line was a little less refrangible 
than the strong line of barium. 

Here, then, we have three little lines, for ever disposing of the 
notion that nebulas may be clusters of stars. How trumpet-tongaed 
does such a fact speak of the resources of modem science ! 

An object-glass collects a beam of light which for ever, without such 
aid, would have bathed the £arth invisibly to mortal eye ; the beam is 
passed through a prism, and in a moment we know that we have no 
longer to do with glowing Suns enveloped in atmospheres enforcing 
tribute from the rays which pass through them, but with something 
deprived of an atmosphere, and that something a glowing mass of gas. 

Mr. Huggins has not been idle since his discovery, and has observed 
a large number of nebulas with the most interesting results. 

Not only must we discard the notion — a very pardonable one when 
we consider how it came to be held — that the glorious cluster in Perseus, 
• [Philoaophical TranaactwM, 1864. Part II. p. 437.] 
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or that somewhat more typical one in Hercules, may be taken as an 
exemplar of all our nebulae, could we bring sufficient optical power to 
bear upon them : but the conclusion is obyious, that the detection in a 
nebulsB of minute, closely associated points of light, which have hitherto 
been considered as a certain indication of a stellar constitution, can no 
longer be accepted as a proof that the object consists of true stars, 'these 
luminous points, in some nebulae at least, must be regarded as them- 
selves gaseous bodies ; denser portions, probably, of the great nebulous 
mass, since they exhibit a constitution identical with the fainter and 
outlying parts which have not been resolved. The nebulae are thus 
shown by the prism to be enormous gaseous systems, and it appears 
probable that their apparent permanence of general form is maintained 
by the continual motions of the denser portions which the telescope 
reveals as lucid points. 

More than this, the proper motion of nebulae has not yet been 
inquired into, because everybody, looking upon them as irresolvable star- 
clusters, thought them infinitely remote. Now, however, that we know 
that they are not clusters of stars, properly so called, it is possible that 
they may be much nearer to us than we imagine. 

The conclusions to which Mr. Huggins has been led by his observa- 
tions are, curiously enough, the very opposite to those which speculation 
would have predicted. Speculation would have looked upon nebulae as 
sun-germs — as composed of the very matter of which Faye has so recently 
stated the interior of our own Sun to be still composed. The faint 
glimmer of one of those eloquent lines here, three there, four elsewhere, a 
faint, continuous spectrum with bright lines in one place, and a well- 
defined continuous spectrum in another, would, taking the relative insigni- 
ficant optical means employed into consideration, have been held to 
bridge over the gap between star and nebula as successfully as we have 
now bridged over that which once separated sun and star.] 



BOOK THE THIRD. 
STRUCTURE OF THE HEAVENS. 



OUE OWN UNIVERSE— THE MILKY WAY. 

Real Form of the Stellar Stratum whicli composes the Milky Way — Position of tiie Son 
in the interior of this Stratum — General Idea of its Dimensions. 

As we have before stated, the Milky Way extends across the heavens, 
following nearly the circumference of a great circle of the starry sphere, 
the irregularities of its form, and the inequalities of its breadth in differ- 
ent portions, not being taken into account It divides the celestial vault 
into two portions, not quite of the same extent, the smaller of the two 
being that which contains the constellations of Pisces, Cetus, in short, 
those near the vernal equinoxial point It follows, therefore, that the 
Miky Way includes the region occupied by our Sun. But what is the 
true form of this prodigious assemblage of stars, which, according to 
Sir W. Herschel's estimate, deduced from a considerable number of 
'^ gauges" of the heavens, contains certainly not less than 18,000,000 
stars I The small breadth of the zone, compared with its other dimen- 
sions, suggest that it is formed of a stratum of suns, distributed irregularly 
and comprised between two nearly parallel planes, which give the whole 
the figure of a flattened millstone, the rim of which is split into two 
portions throughout one half of its circumference. 

[Let it be noted, however, before this conclusion is admitted, that it 
depends on the assumption that there is a general uniformity in the dis- 
tribution of stars (and also, to a certain extent, in their magnitude) 
throughout the sidereal system. If the possibility be once admitted, 
that multitudes of the stars forming the Galaxy are minute compared 
with our Sun, or Arcturus, or Sirius, then no such conclusion as the 
above can be accepted until it has been demonstrated. It is a question 
of evidence. — R A. P.] 

In the midst of this gigantic collection of stars, lost in this vortex 
of worlds, our little Solar System lies. The dimensions of the centre of 
this system — the Sun, which appeared to us at first so great^ but which 
a second look at the stellar universe showed to be those of a star of the 
second or third order — are now found to represent but an atom of the 
luminous sand of the Milky Way. 

The position of the Sun in this zone was held by Herschel, at the 
beginning of his labours, to explain the general aspect of the whole 
firmament, and to show besides that all the stars so universally and 
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singolarly distributed, and apparently bo distant from those portions of 
the Milk; Way itself which give riae to the appearance, probably form 
a part of ib 

Herschel reasoned, that when from the point where we are sitaated 
we look in the direction of the length of the stellar 8tratam,we meet with, 
80 to speak, indefinite " files " of stars and clusters of stare, which give to 
the Milky Way its maximum deneity and brightness. If, on the contrary, 
the sight be aJlowed to travel in directions more and more inclined, the 
visnal ray traverses strata continually decreasing in thickness, and the 
density should decrease with great rapidity. Lastly, in the direction 
perpendicular to the thickness of the stratum the stars should appear 
dispersed, aa they really do in those parts of the heavens apparently most 
distant from the great nebulous zone, "Just as we see," savB S'r J. 
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Uerachel, in his Ouilvms of Astronomy a slight haze in the atmo- 
sphere thickening into a decided fog-bank near the horizon, by the rapid 
increase of the mere length of the visual ray," 

Figure 175, which represents, according to this earlier hypothesis of 
Herschel's, the Milky Way, in a section perpendicular to its thickness, 
and along its greatest diameter, which passes through the Sun, renders 
the explanation we have given easy. 

With the help of this conception, we may again refer to the rapid 
decrease in the number of stars in those regions which, on both sides of 
the Milky Way, extend as far as the two poles of the great circle which 
the Galaxy traces on the face of the heavens. 

The poles of the Milky Way are situated, the north pole near Coma 
Berenices, the south pole in the constellation of Cetus. When, from one 
or other of these points, we advance progressively towards the Milky 
Way, the mean number of the stars increases ; at first very slowly, then, 
in the vicinity of the galactic plane, with very great rapidity, so that it 
is about thirty times greater in this plane than in the galactic polar 
regions. 

[Later, Sir W. Herschel abandoned this theory, and adopted, indeed. 
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a different system of gauging the heavens. — K, A. P.] Comparing the 
photometric brightness of the stars of the different oiders of magnitade 
with the order of probable distances, Sir W. Herschel arrived at the most 
astonishing conclusions on the dimensions of the Milky Way. 

The stars visible to the eye comprise, it is known, the first six orders 
of magnitude. The Olustrious astronomer of Slough established that^ in 
the mean [making certain assumptions as to the average dimensions of 
the fixed stars] those of the sixth order — that is to say, the smallest 
stars visible to the naked eye — ^are twelve times more distant than the 
stars of the first magnitude. Starting thence, and calculating the space- 
penetrating power of his telescopes, he arrived at this inference, that he 
could observe in the depths of the heavens stars situated at a distance 
2300 times greater than the mean distance of the stars of the first 
magnitude. And Herschel recognised, moreover, that the visible extent 
of the Milky Way, in some regions, increased with the power of the 
instrument brought to bear upon it, and that even his large 40-feet 
telescope could not reach the limits of this star-zone, which he therefore 
declared unfathomable. 

Now, when we recall the stupendous distance between the nearest 
star to our world — such a distance, that light takes years to traverse it — 
we shall recognise this wonderful fact, namely, that the Milky Way, in 
the direction of the most distant regions accessible to our view, can only 
be completely traversed by a light-ray in a' period of time upwards of 
ten thousand years. Thus, when applying the eye to the eye-piece of 
the largest astronomical instruments, we observe, on the not quite dark 
background of the sky, feeble luminous points, we rec^ve on our retina 
the impression of an undulatory movement, which was set in motion ten 
thousand years ago by the incandescent mass of suns Uke ours, which, 
form, as he does, part of the same sidereal group. 

Calculating the thickness of the Milky Way from its apparent breadth, 
Herschel arrives at the result, that its thickness is about eighty times 
greater than the distance of the stars of the first magnitude. According 
to this view the stellar stratum greatly surpasses in this direction even 
the space-penetrating power of the human eye. Whence it follows, that, 
as we have before stated, '* Not only our Sun, but all the stars that we 
can see with the naked eye, are deeply plunged in the Milky Way, and 
form an integral portion of it"* 

[Herschel perceived, however, towards the close of his career as an 
observer, that the greater richness of certain gauges may be due to a 
greater real richness of stellar aggregation, instead, as he had assumed so 
far, of a great extension of the Galaxy. There is no direct evidence in 
favour of the fundamental hypothesis (admittedly an hypothesis) on which 
Herschel pursued his plan of star-gauging. On the contrary, there 
are very numerous and very weighty arguments against it These 

* Strove, Etudes (TAstronomie tUUaire, 
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arguments depend chiefly on numerical statistics, not known to Sir 
W. Herschel, nor until long after his first system of star-gauging had 
been completed. His second system was begun too near the close of his 
career as an observer to be fully tested. — ^R. A. P.] 

[In the latest edition of the Encyclopaedia Briiannicay Mr. Proctor 
makes the following remarks on the present position of sidereal astro- 
nomy : — '' The results towards which Herschel's later views seemed tending 
were not definitely indicated or adopted by him, probably because he had 
already attained an extreme old age when he first enunciated his later 
and juster views of the sidereal universe. Sir J. Herschel does not ap- 
pear to have recognised his father's change of views, though conscious 
of serious difficulties in the older theory, and even definitely indicating 
the fact that the constitution of the Nubecula cannot possibly be 
reconciled with that theory. The elder Struve, probably the only 
astronomer of his time who had thoroughly studied Sir. W. Herschel's 
remarkable papers, recognised clearly the change in HerscheFs opinions. 
Following a suggestion thrown out by Piazzi, Struve compared the 
number of stars down to the eighth magnitude in different directions 
round the equator, and justly regarded the greater richness of such stars 
on and near the Galaxy as a disproof of Herschel's earlier theory of 
generally uniform distribution. Strangely enough, however, while thus 
recognising a variation in the richness of stellar distribution in one direc- 
tion — Le, in approaching the medial plane of the Galaxy — Struve was 
unable to divest himself of a belief in uniformity of distribution in 
directions parallel to that plane. In an investigation claiming to be free 
from all hyppthesis, but in reality (as Encke, Forbes, Proctor, and others 
have shown) based on several hypotheses, some of which are not even 
probable, Struve advanced the theory that the sidereal system is infinite 
in extension along the direction of the medial plane of the Galaxy. 

** But in reality the evidence we possess indicates laws of stellar aggre- 
gation which, by their very nature, preclude the possibility of applying 
such modes of gauging as either Sir W. Herschel or W. Struve endeavoured 
to use. The gathering of stars of the leading orders of apparent magni- 
tude in the galactic zone shows that stars of many orders of real size and 
brightness are there gathered together. The analysis of a rich star-region 
with higher and higher powers is shown to be, not necessarily, as was 
supposed, penetrating farther and farther into space, but the more and 
more searching scrutiny of one and the same region and space. The two 
processes, indeed, may be combined, an increase of telescopic power 
bringing into view at the same time smaller stars in a particular region 
and remoter stars lying towards the same direction. In fact, it would 
be as great a mistake to assume, without definite evidence, that new stars 
so revealed are smaller in real magnitude, as to assume that they are 
more remote. The only kind of evidence available to discriminate 
between the two explanations, or to show to what extent either may 
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operate, is that derived from statistical enumeration ; but so complex 
are the relations involved, that such enumeration can only be interpreted 
when graphically illustrated. In other words, the secrets of the steUar 
universe can only be revealed by presenting in well-devised maps the 
results of widely extended scrutiny of the star-depths. This process has 
already been applied by the present writer to stars down to the eleventh 
order of magnitude (in the northern heavens), the resulting view of the 
stellar universe differing widely firom that which would have been pre- 
sented if any of the theories heretofore advanced had been just It is 
probable that an extension of the system of uniform star-gauging and 
charting to the remoter star-depths will still further illustrate the com- 
plexity and diversity of structure existing within the universe. Already 
these general conclusions may be regarded as established: — ^'The sidereal 
system is altogether more complicated and more varied in structure than 
has hitherto been supposed : in the same region of the stellar depths 
coexist stars of many orders of real magnitude ; all the nebule, gaseous 
or stellar, planetary, ring-formed, elliptical, and spiral, exist vrithin the 
limits of the sidereid system ; and lastly, the whole system is alive with 
movements, the laws of which may one day be recognised, though at 
present they are too complex to be understood.' " — R A. P.] 

Here ends the purely descriptive part of our task, the object of which 
has been to give a picture of the phenomena of the Heavens according 
to actual astronomical knowledge. We may be mistaken, but we hope 
that more than one reader will wish to penetrate deeper still, and will 
not be sorry to comprehend, as much as it is possible without previous 
scientific preparation, the laws which regulate celestial movements, and 
explain the most complex phenomena. These laws are at once simple 
and sublime, and are an eternal honour to their discoverers, and a 
monument of the power of the human mind. 
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PART THE THIRD. 



THE LAWS OF ASTRONOMY. 

METHODS AND INSTRUMENTS EMPLOYED BY 

ASTRONOMERS. 



BOOK THE PIEST. 
THE LAWS OF ASTRONOMY. 

The marvellous panorama presented by the visible Universe has now 
passed before our eyes ; the Solar System, each component of which we 
have explored, has shown us in detail what kind of bodies are those suns 
with which infinite space is strewn; and what may be the conditions of 
those other bodies, not self-luminous, which circulate round them; what 
their motions, dimensions, and physical constitution. The sidereal world 
has in turn revealed to us its magnificence, in its groupings and gigantic 
assemblages of suns, and we have been enabled to form an idea of the 
stnicture and unutterable dimensions of the Universe, or rather of that 
part of it rendered accessible by the telescope. 

Were we to stop here, therefore, the object we had in view in this 
description of the physical constitution of the Heavens would have been 
accomplished as far as the limits of this volume would permit The 
results of modem investigations have been passed under review, and we 
have dwelt upon them sufficiently to indicate the interest and importance 
which attach to them. 

And yet, hitherto, we have left in the background, or trenched on but 
lightly, that part of the subject which makes Astronomy, regarded from 
an intellectual point of view, the most exact, the most admirable, the most 
sublime of all the natural sciences. We refer to the laws of the motions 
of the celestial bodies, and to the formulae, so simple in appearance to us, 
which have demanded so much mental labour, time, and genius for their 



372 THE LAWS OF ASTRONOMY. 

discovery, — ^precious conquests of the mind, which have enabled man to 
penetrate even into the very heart of celestial phenomena ; to discover 
their causes and relationships, and permit us now-a-days to predict the 
return of the phenomena and to calculate the variations with incompar- 
able precision. 

Thanks to these laws, the motions of the celestial bodies, their dis- 
tances, dimensions, and even weights, have been traced, calculated, and 
valued. The relative positions of the bodies of the Solar System — 
planets and satellites, and even comets — ^positions so extremely variable, 
influenced by so many causes, can be assigned long beforehand, and tJius 
furnish to the other sciences, and even to practical men, — our sailors, to 
wit) — most important data. 

It is not in a popular treatise on the physical phenomena of the 
Heavens, such as the present, that an account of these laws, rigorous in 
its treatment, will be expected ; to give this, it would be necessary to 
call to our aid the mathematical sciences, the language of which, though 
so dear to those who have made it their special study, is, nevraiheless, 
purely enigmatical to the uninitiated. 

But it must not be imagined from this remark, ihat it is impossible 
for our readers to gain an idea of these laws, or that they are confined in 
a sanctuary where the vulgar can enter not To those whom a rigorous 
mathematical demonstration would avail nothing, a clear and well-defined 
exposition, and apt, if even familiar, comparisons, are often sufficient to 
enable the mind to see the law and the drift of the method. And for such 
who love to render reason, and to take nothing upon trust, this present 
Third Part is written. 

The laws of planetary motion, as announced by Kepler, and of gravity 
discovered by Galileo, and extended by Newton to the heavens ; the 
secondary phenomena which result from these fundamental laws, such 
as planetary perturbations and the tides; the magnificent hypothesis, by 
means of which Laplace has explained the origin and formation of our 
system, will occupy the First Book. These will be followed by an account 
of the methods which have been employed by our philosophers to measure 
the distances of the Moon, Sun, and Stars; and we hope our account will 
enable those who still suspect the possibility of such measures to be 
convinced of the solidity of the methods employed. Lastly, we shall 
bring the volume to a close by a description of the principal instruments 
employed by astronomers, and of one of those edifices, held by some to 
be shrouded in mystery, where, in the silent night, so many men, devoted 
to science, have explored and still explore the depths of heaven. 
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I. 

KEPLEE'S LAWS. 

The Planets descri'be Ellipees ronnd the Sun — Law of Areas — Conoection between the 
time of Revolution and the Mean Distances of the Planets from the Sun. 



Copernicus, by his discovery of the movement of the Earth and Planets 

i round the Sun, laid the foundations of modem astronomy. Galileo 

: strengthened the building by basing the system upon new proofs. But 

the real form of the Earth's orbit, and that of the other planets, and the 

I velocity with which they moved in the various portions of those orbits, 

and their relative distances from the central body, remained still unknown 

» for some time, although the determination of these problems was indis- 

t pensable for the future progress of the science. For this, however, we had 

^ not long to wait. Thanks to the genius and the perseverance of Kepler, 

in less than a century these different problems wisre completely solved. 

Taking, as the basis of his researches, the observations of his master, 

Tycho Brah4 this great man, after seventeen years of unflagging toil, 

discovered three laws to which posterity has attached his name. We will 

now endeavour to give an idea of these laws, which will complete what 

we have written on the Solar System. 

We know that a planet in moving round the Sun describes a con- 

|Uous curving line, each point of which lies on an ideal plane, which 

ses through the centre of the Sun. Such an orbit is named in geo- 

try " a plane curve." Now, what is the form of this curve, and what 

is the exact position occupied by the Sun in this plane 9 Kepler's first 

law answers these two questions. %. 

The orbit of each planet is an oval curve — an ellipse. How, then, 
can we regularly define an ellipse 1 

Take a thread, the extremities of which are attached to two nails or 
pins; press these nails, or pins, into a sheet of paper, or a board, or any 
plain surface on which the curve in question may be traced; br^take care 
that the thread is longer than the distance between the two fixed points. 
This done, by the aid of a pencil stretch the thread till it is tight, in such 
a manner that the point of the pencil can travel over the surface d'^jstined 
to receive its trace. Then let the pencil move along the thread, the latter 
being always tightly stretched, and the point will trace partof a curve, which 
can be easily completed by afterwards placing the thread and the pencil on 
the other side of the line which joins the fixed points. Fig. 176 shows 
how this may be done, and gives also the form of the curve obtained. 
Such is the line which in geometry is termed an ellipse. 
The two points, at which the extremities of the thread are fixed, have 
received the name of /oci, and the two portions of thread, which connect 
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these foci with each point of the ellipse, are called the radii vectora of 
this point* 

It is easy to see that this curve is elongated in the direction of the 
line which joins the foci. The line A A i« called the majvr axis of the 
ellipse, the middle point of the major axis is the centre of the curr& 

If, still retaining the same foci, we describe other ellipses with shorter 
threads, we shall obtain figures more elongated. The contrai; will 
happen if we use threads of greater length. In the latter case, the ellipses 
will g;raduall)r approach the form of the circle; they will never, however, 
absolutely reach the circular form. 

Lastly, if with a thread of the same length we increase or decrease the 
distance between the foci, the same differences of fonn will be obtained. 
In this case, the length of the major axis will remain the same, but the 



more the foci are separated the more oval will become the curve ; contrari- 
wise, the nearer they are together the nearer the figure will resemble a 
circle, finally becoming one when the foci are situated in a single poinL 

We shall now be able to understand Kepler's first law. 

E(&h planet describes round the Sun an orbit of elliptic form, and llie 
centre of the Sun always occupifs one of the foci. 

We have already peen, that the dimensions of the orbits described by 
the planets differ among themselves, and that the ellipticity of these orbits 
is far from being the same for all. Some orbits are nearly circular, as, 
for instance, those of the Earth, of Neptune, and especially Venus. Others 
are more elongated in shape; thoseof Mercury and of the Asteroids which 
* Aj tbo length of the thread reniiiina constant, the sum of the radii vedona b 
the same for all points of the ellipse. This property eerres to define this curve. 
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lie between Jupiter and Mars. Lastly, the comets of our system have the 
most elongated orbits, and among them thatof Halley'sis the most decided. 

It evidently follows, from Kepler's first law^ that the distance of a 

planet from the Sun varTes continually during its revolution, and takes 

^ all possible values between the extreme limits, which correspond to the 

'two positions occupied by the planet at the two extremities of the major 

axis of the orbit. 

Is, then, the velocity of a planet's motion always the same in the 
different parts of its orbit ? No. The movement is by so much the 
more rapid, as the planet is nearer the Sun. Kepler's second law 
shows us how this velocity varies. 

Let us take a. planet in different positions in its orbit, and let us 
mark off on the orbit arcs described by a planet in the same time, P, 
P P P P P 

l' «• S* 4' 5' 

We have said •that the velocity varies ; this evidently is the same as 
saying that the paths described in equal times are of unequal length : so 
that tibe difficulty consists in finding some connection between these con- 
stant variations in length. 
Let us insert the planet's 
radii vectores in each of 
the positions chosen ; we 
shall by these means form 
as many triangles as there 
are arcs under considera- 
tion. Now, the surfaces 
or arcs of these triangles 
of which the bases are 
formed by the arcs de- 
scribed in equal times, 
are always equal ; and 
therefore, if the length 
of time be doubled, tri- 
pled, etc., the areas of the triangles will be doubled, tripled, etc. 

Kepler, therefore, thus announced his second law : — 

The areas, described or passed over by the radii vectores of a planet 
round the solar focus, are proportionate to tJie time taken in desci-^ng them.* 

Now it clearly follows from this second law, that the arcs described 
in equal times are smaller as the planet recedes from tlie Sun, and become 
, greater as the Sun is approached. The triangles gain in breadth what 
they lose in length, and their areas remain constant. In o ther words^ 
t he jl anet moves faster the nearei: ilisj^ ths^Sun.. *^ 
^'^~'''' Kepler's first two laws apply not only to the orbits of the planets, but 
to those of their satellites. Thus, the curves described by the Moon round 

* In planetary orbits one focus only is considered — that in which the Snn is 
placed. In each position of the planet, therefore, there is bnt a single radius vector. 




Fig. 177. 



I 



l« 



• 



\ 



376 THE L/LWS OF ASTRONOMY. 

the Earth considered fixed, is an ellipse, and our globe occupies one of 
the foci. More than this, the velocity of our satellite is such, that, if we 
divide its orbit into lengths passed over in equal times, all the triangles 
formed by the radii wdares of the Moon in its different positions will 
have a surface of similar extent. 

We now come to Kepler's third law, that which cost him much more 
labour; More abstract than the first two, though equally simple in its 
enunciation, it is of the last importance for a proper comprehension of 
the subject, and merits in every way our attention. 

The first two laws deal with each planet considered by itself, and 
would hold good if the system were only composed of two bodies, t^e 
^"*CJ ^^^ ^^^ ^ planet. The third law establishes a relationship between 
every planet in the system. 

We must here again call attention to the fundamental fact that the 
I ^r "^ * mean distances of the different planets from the Sun continually increase 
from Mercury to Neptune, and the same thing holds good for their revo- 
lutions round the Sun. But what relationship exists between the length 
of these periods and the distances, or, in other words between the periods 
of. revolution and the major axes of the orbits ? Such is the problem 
resolved by the third discovery of Tycho Brah6's disciple. 

We will write in two separate columns, the periods of the revolu- 
tions of the principal planets, mean^ days, and double their mean 
distances from the Sun in thousandths of double the mean distance of 

the Earth, as follows : — periods of Revolution Double mean Dlstancea ftom th« 

» • Days. Suo, or M^or Axes. 



r 



Mercury ... 87*97 

Venns . . 22470 

The Earth . 36526 

Mars . . 686*98 

Jupiter . . . 4332*58 

Saturn . . . 10759*22 

Uranus . . . 30686*82 

Neptune . . . 60126*72 




887*1 

723*3 

lOOft^ 

1523* 

5202*8 

9538*8 

19182*7 

80040*0 



Let now the periods of revolution be multiplied by themselves. To 
multiply a number by itself is to form what is called its square. This 
first very sitnple operation will then give the square of the period of the 
revolutions of the planets ; this will form another new column. Let us pass 
to the second : multiply each number which represents the major axis of 
the orbits by itself, this will give the squares of these axes. Now multiply 
each of these squares, not by itself, but by the figures in the column which 
represent the major axis ; this will, give the cubes of the major axis, and 
we shall have a second new column. This done, let us .compare two 
squares in the first column, and two corresponding cubes in the second 
one. Divide one square by the other, this will give us tlieir ratio; divide 
in like manner the two cubes, and let us compare the quotients.* 

* Let us take Venus and Jupiter for examples. The squares of the times are 
for Venus 504900900, and for Jupiter 18771249-4564. The cubes of the major axis 
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Weshall find them equal. And thiswillhappenwhichever two planets 
we take. Kepler's third law, therefore, is enunciated as follows : — 

TJie squai'es of the times of revolution of the planets round the Sun are 
proportional to the cubes of the Major axes. 

Thus, we need only know the time of revolution of the planets to 
deduce their major axes, and, as a consequence, their mean distances from 
the Sun. And as we know the absolute value of one of these, we know 
*'the absolute value of all. ( Thus, the knowledge of the relative distances "^v > 
of the different bodies of the system depends upon the knowledge of one \ / 
only — that of the Earth, for example. % Farther on we shall endeavour 
to give an idea of the method which enables us to investigate how many - "* 
radii of the Earth, or how many miles, bridge over the distance which 
separates us from the centre of our system. We may also add, that 
Kepler's third law applies to the satellites of any given planet ; that is, 
it has been found to hold in the cases of the satellites of Jupiter, Saturn, 
and Neptune. 



11. 

UNIVERSAL GEAVITATION. 

Gravity oa tbe Surface of the Earth — LaW'of the Diminution of the Force otsfrmty 
with increased Distanoe — the FaU of the Moon towards the Earth — Grayftation ia 
universal — How the Sun and Planete are weighed. 

EATERYTHiNGSvisible and tangible — or, mott strictly, everyming existing 
in a solid, liqii^, or gaseous state — ^with which w^ are yquainted on our 
planet, is subjecwdto the law of gravity, or, in othei/words, has weight. 
What, then, do sucVexpressions as " weighty," oi^heavy bo^es," and 
" weight " mean ? Tms^namely, that every port^of matter left to itself, 
either in the atmosphereN^ in vacuo, falls in t)fe direction of the vertical 
of the place on which it fallsS. That if the body be sustained and remains 
in equilibrium, or in repose on a surf^e, it still exercises a force-^ 
pressure on whatever hinders it ftym "falling lower; a force, 'of which 
it is easy to convince ourselves by. filing the effort made by the hand, 
when it forms the supporting suiTace.' 

Experience proves that thedirection oC^his force, known under the ^ ^, 

name of *' gravity," lies alwitys in a vertical lihe ; that is to say, in a^line 
perpendicular to the hoi;i2bn, or to the surface oCwater at rest. But as^ 

arp, for Venus 878,391^41^ for Jupiter 140,835,258,325. Dinde one square by the 
other, the quotient isi72. Divide one cube by the other, theWotient is still 372. 
These quotients woukichange if we took other planets for examplb^ but they would 
gtill be equfJ to ea^ ot^er, and it is this equality which forms tne suluect of Kepler's 
third law. >. 

* If the body in Question be sustained by a spring, the coustant tendon of this 
spring aUo affonU eviaent proof of the constancy of the force of gravity. ' ., 

y 
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i 

the Earth is sensibly spherical^ the verticals of the various pkees aQ tend/ 
towards the interior of the sphere, very nearly to the actual centre itsel£ 

We owe to Gralileo the study of the laws of gravity; those which come 
into play in the fall of bodies on the surface of our globe. Since the time 
of thLs great man, it has been discovered that gravity is a force inherent to 
'tiie matter even of which the terrestrial globe is composed ; it is known 
that the energy with which it is exercised depends on the distanco of the 
body which is influenced; so that the energy increases when the distance * 
diminishes, and decreases, on the contrary, when the distance augm^its; 
^ For example, the flattening of the two poles of the terrestrial globe, 
or, what amounts to the same thing, the swelling of the spheroid towards 
the equatorial regions, causes the distance from the surface to the centre 
of the globe to increase continually as the equator is approached. It 
should therefore follow, that the attraction of the Earth on heavy bodies 
is exercised with much greater intensity at the poles than at the equator. 
This fact is abundantly proved by observation. 

The law which regulates this diminution of the force of gravity, when 
the distance of the heavy body from the centre of the Earth increases, 
is as follows : — 

To understand the law well in its simplicity, let us imagine a heavy 
body placed on the surface of the Earth, and consequently distant from 
the centre of the length of the Earth's radius, or in round numbers 4000 
miles. Let us place it twice, three time9, four times . . . ten times farther 
away. The action of gravity on this body will be four times less at 
8000 miles — that is to say, at the second position ; nine times less at 
the following position, sixteen times, ... a hundred times less at the 
consecutive distances; in such a manner that, when the distances increase, 
following the numbers 1, 2, 3, 4, 5, . . . 10, etc., the force of gravity 
diminish^ in the proportion of the squares of these same numbers, or 
becomes 1, 4, 9, 16, 25 . . . 100 times less, and so on. 

The force of gravity is measured by the space fallen through during 
the first second of the body's fall. So that, if experiment shows that a 
b^y requires a second to fall from a height of sixteen feet to the surfiEu^ 
of the Eaith, when it is removed to a distance double that of the terres- 
trial radius, it will not travel more than four feet during the first second 
of its fall ; at a distance sixty times as great as the radius of the Earth, 
it would not fall more than the ^th part of an inch. 

This number gives precisely the measure of the diminution of the 
enei^ of terrestrial gravity on a heavy body situate in space at the 
mean distance of the Moon. * 

If, then, the Earth exercises.its action on bodies situated at whatever 
distance* in space, it ought to act on the Moon, and its action should be 
precisely equal to thatwhich we have just calculated. Such is thequestion 
wmch the genius of Newton put to him, and which he solved, when he 
snowed that the Moon, in moving in its circukr orbit, falls towards our 
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Earth that very quantity in a second. Itisthisincessantfall, combined with 
the centrifugal movement, which, if left to itself, would impel the Moon into 
space, "^hich produces the elliptical movement of our satellite in her orbit. 

Such is the bold generalisation which served as a point of departure 
to the great geometer whom we have just named. 

He went farther ; he penetrated more profoundly into the secrets ot^ 
the sublime mechanics which rule the celestial bodies. He extended to 
all the bodies of our Solar System this law, which is sometimes called 
" the law of attraction," but more correctly " the law of gravitation." 

Newton showed, that if the planets move round the Sun, describing 
elliptical curves, according to the laws the discovery of which is due to ' 
Kepler, it is because that they are submitted to a constant force, located, 
as it were, in the Sun, — ^a force the direction of which is that of a radius 
vector, or a right line which joins the planet and the common focus. He 
showed, also, that all the circumstances of the movements of the planets 
are well explained by supposing that the force of gravitation is gravity * 
^ itself/ exercised by the Sun on the planets in the inverse ratio of the 
squares of thdir distances. 

Thus the same force, which precipitates on to the surface of the Earth 
bodies abandoned to themselves, is that which maintains the Moon in its 
orbit. It is a force of similar nature, exercised by the preponderant 
body of the system — ^the Sun — which also maintains |;he planets and 
the comets in their elliptical orbits, and prevents them from losing 
themselves in space, following the impulse with which they are 
animated, and thus breaking up our system. 

By what series of reasoning, ideas, calculation, and verifications, 
Newton arrived at this great discovery, we cannot in this place narrate. 
Nevertheless, it is as well to know, that Kepler's second law relative to 
the equality of the areas formed the start-point for bis demonstration of 
the tendency of the unknown force to act towards the Sun ; as he found 
that it necessarily acted in the direction of a radius vector. 

The third law of Kepler, combined with the second, led Newton to 
another inference, namely, that the force varies in the inverse-ratio of the 
distances. La8tly,he showed that the ellipticalformoftheplanetary orbits 
follows from the very law of the variation of the force in question. The 
nature of the substances, of which the various planets are composed, is 
quite independent of the mode of action of gravity ; so that the mass of the 
Sun would act with an equal energy on a unit of the mass of all the planets, 
if they were all placed at the same distance from the common centre. 

But as, by virtue of a universal principle of mechanics, every action i 
of one material body on another necessaiily supposes a reaction — ^that is | 
to say, an action equal and in a contrary direction — it follows that, if the f 
Earth and the other bodies of the Solar System gravitate towards the Sun, 
the Sun also gravitates towards each of them. The same laws rule in 
each secondary world, composed of a central planet and its satellite. 
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Modem investigations in the field of sidereal astronom/have extended 
laws to the systems composed of two or many sons, and the force 



[en the legitimate 
»f matter gravitate 
reciprocally as the 

-which will be con- 



vthese 
Lus shown to be diffused everywhere in space has 

le of universal gravitation; ^all the molecules 
toV^rds each other in the ratio of their masses, 
squar^ of their mutual distances." 

will here terminate these consideratu 
sidered Abstract ones perhaps, but which it u/impossible to pass by in 
silence in^an astronomical work — ^with^a word on one of the truths of 
that sciendb which is so daring, not to sav^venturesome, in its attacks 
upon nature! We refer to the statistics given in astronomical treatises 
on the mass ot weight of the different ce^tial bodies. Is it possible to 
know the weight of a stai^-of the Sun( for instance f 

We must firat well understand whp that means. This is not a ques- 
tion of minute quantities ; and if we have expressed in billions of tons the 
weight of the Sun, k has been for tpe purpose of placing in relief the im- 
mensity of the Sun's^^nass, or thayof the other members of the systenL* 

Astronomers take ^ unit of ^ss or of weight in connection with the 
quantities which they would measure. They take for the purpose of com- 
parison, either the mass of\tht Sun or the mass of our globe. So that 
the question is in some meamre transformed into another : — 

How many times is theyma^s of the Sun greater than the mass of the 
Earthi 

If it were possible 
presence of the same 

of the two bodies wouldf act on the thirH at the same distance, the problem 
would be solved. F(/ example, we should determine the space travelled 
by the body in a second of time towards th^JBarth, then the space travelled 
in the same time j/y the body towards thdi Son. These two distances, 
expressed in numbers by means of the samX unit, would evidently give 
the ratio of the masses of the Sun and of the>£arth respectively. 

Well, at th/ surface of our globe, experim^t tells us that a heavy 
bjody traverses^'during the first second of its falksixteen feet j* and as, 
according to JN^ewton's theory, the attraction of a 8|)here acts on external 
bodies as if the entire mass of the sphere were concntrated at its centre, 
we can ancf must consider the heavy body falling omthe surface of the 
terrestrial/globe, as situated at a distance from the centre of attraction 
equal to ythe radius of the EartL Let us bear this in\und. 

The^aass of the Earth, then, acting on a body situatM at a distance 
of 4000^ mOes, causes it to fall 1 6 feet in one second. On tl^ other hand, 
the Eflrth itself gravitates towards the Sun; the orbit wi^ch it thus 

* [Thu, of course, varies at«different distances from the equator, 
have already stated. The distance is more oorrectly as follows : — 

16 feet 0| inch at the equator. 

16 „ 1 „ at London. 

^^ n ^i 11 ^^ Spitzbergen.] 
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descn!i^ in a year shows how much it falls towards the Sun duripgthe 
first second of falL The distance is found to be *0095 feet. But^ must 
bring this ineasure of the attractive energy of the Sun to whin it would 
be at a distanbe from its centre equal to 4000 miles, or t<^ne terrestrial 
radius, a diBtanoK^3,000 times smaller than the Sun's Jictual distance. 

The law by whkh Newton found that the intenpny of gravitation 
varies, indicates that^^e preceding number mustlfe multiplied by the 
square of 23,000. Effechn^ this operation, the seamd result is arrived at : 

The mass of the Sun, abi^g on a body situa^d at a distance of 4000 
miles from its centre, causes it^travel, in th^lrst second, 5,045,500 feet.|L^ 

We can now compare the m)|S8 of th^fiun with that of the Earth, - 
since we know the actions of theseWo m^es on a body situated at the 
same distance from their centres ; anoSi^ clear, that the mass of the Sun 
is by so much greater than that of thfeSarth, as the number 5,045,500 
is greater than 16. Dividing, we find inbound numbers 315,500. 

We must have, then, 315,50p^globes ot^e same weight as ours to 
balance the Sun. 

To solve this problem, it b&s been necessary l^know the velocity of 
fall of a heavy body on to tho^lanet. This elementisdirectly observable 
on the surface of the £art)r In planets which have gii^ellites, this velo- 
city is deduced from th^movements of these secondaiysbodies in their 
orbits. In the case of^e planets without satellites, it is n^ possible to 
calculate in this mam^r the force of gravity on them. But ojr studying 
the influence of th^ masses on the other planets, and the peruK^bations 
which they causQ^ in their movements, we have arrived at data e^ally 
precise in the o6se of all the masses of the bodies of the solar wb^d, 
compared eitKer to the mass of the Sun, or to that of our globe. 



\ 



III. 



PKECESSION OF THE EQUINOXES— NUTATION— 

PLANETAEY PEETUEBATION. 

The rotation of the Earth on its axis produces day; its translation round 
tjie Sun gives the year. But in the same manned as we have distinguished 
two kinds of day, the one sidereal^ the invariable duration of which is due 
to the movement of rotation , the other^ol^ which varies in length in 
the course of a terresfflU ffijdution, in the same manner also astronomers 
distinguish two years — tnej^ni^^^^^ ^^® ddere^ 

If we consider the time whic^Iapses betwee^wo successive passages 
of the centre of the Earth to the same equinox, the spring equinox, for 
example, we have what is called the tropical year, the length of which, 
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expressjdrh mean days, is 365*242264 days. If, instead of thos defining 
the year, we take the time which the Earth requires to return to the point 
of its orbit, iu which the Sun appears to coincide with the same point of 
the heavens — ^with the same star — ^we have the sidereal year, the daration 
of which, expressed in mean days, is 365*2563835 days. The sidereal 
year exceeds, then, the tropical year by about 20 minutes 20 seconds. 

Whence comes this difference, and how can we explain it by the move- 
ment of the Earth in its orbit 1 Let us remember that the equinox oocnrs I 
when the plane of the terrestrial equator passes precisely through the I 
^ifeentre of the Sun. If this plane remained invariably parallel to itsdf, 
C\ A'**'"^^\i^ ^^^ ^^ intersection with the plane of the ecliptic would keep likewise 
v/^^i-^niXhe same parallelism; and it would be always at the same point of the 

orbit of the Earth that the successive equinoxes would take place. 
There would not be, then, any differences between the length of the 
tropical and sidereal year. The length of the latter being the greater, 
shows that th e ec|uiDOxi^p o| torhas falftn back, so that the Earth arrives 
^.^ariier at this point than irwoulc^ave done if it had remained immovable, j^ 
Hence the name, the precession of the equinoxes^ given to this phenomenon^ ^ 
What follows from this fact? That when the Earth occupies tte"^ 
same positions in its orbit year by year, the Sun corresponds with stars 
more and m^re to the east, so' €hat» little by little, and progressively, the 
aspect of the constellations seen at the same seasons is changed. 

Let us analyse still more the phenomenon in question. To say that the 

equinox falls back or retrogrades is the same as saying that the plane of 

the equator has varied in position ; and as the axis of the Earth is always 

I perpendicular to this plane, it follows that this axis has i^t^ reni ained 

.4|J rigorouslyj;uuaJleHo itself. We know indeed that it varies in direcSon, 

still, however, pre^ervin^ ihe^same angle with the .ecliptic, in such a way 

^ as to describe an entire cone in an interval of about 25,1^70 years ; so that 

at the end of this period the equinox, having accomplished an entire 

revolution on the terrestrial orbit, returns to occupy its initiid position. 

The terrestrial axis, in executing this slow movement on the surface of 

the starry vault, describes a complete circlcjI^Tke celestial poles, therefore, 

... are incessantly variable, so that the fixitywihich we ascribe to them in 

» ^ our 5escHpiion of thelieavens i s quite relat ive. In fact^ the northern pole, 

i^^^l^ m now quite near the Pole Star, is shil jyp rj jfthin gT t.SCThis diminution of 
0*^^L^ *TiriguTar distance will continue untiTtne yeSr 2 1 5o, when they will not be 

more than half a degree apart This epoch passed, the pole will recede from 
Polaris, will pass from the Little Bear to Cepheus, then over the borders 
' of theSwan. In 1 2,000 years, the bright star nearest to the north pole will 
be Vega in Lyra, which will then play the part of Pole Star; Canopus, in 
the southern sky, will be equally found in. the vicinity of the other po]e. 
' The phenomenon of tlie precession of the equinoxes, discovered two 
thousand years ago by Hipparchus, has during the last centuiy been 
ascribed to its true cause, of which we wiU speak a word farther on. 
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Let us now mention anotheftiibvement of the axis of thie Earth, 
executed simultaneously with that which we have just described. Its 
period is much shorter, since it is only 18% years. j 

v-^he conical movement of the axis of the £arth, which produces the 
precession of the equinoxes, and which is effected in about 26,000 years, 
c^^anges progressively the direction of this axi s, without, however, modi- 
lying its jnclination to tlie plane of the ecliptic In truth, however, this 
mov^Sment does vary by reason of anolBef movement, which causes the 
axis to oscillate during each period of 1 8f years around the mean position : r 
it would occupy, w^rpjt influenced only by the movement of precession. I 

The name of ntUcuiol^^ias been given to this oscillation — this "nodding" . / , 
xjot the axis of our globe, which gives rise to slight changes, sometimes > ^ ^ \ 
, / e *• grea ter^ sometimes less, in the obli quity of the ecli ptic.^* (^ ' r^ 



ovemSots, botli those o^ rotaiion and translation round the ^ 
Sun, and those of nutation and precession, are effected simultaneously by 
the Earth. The motion of our globe has often been compared, and with ) 
justice, to that of a top which, while turning on itself with great rapidity, 
and tracing on the surface which supports it a line which may be likened - 
to its orbit, undergoes also a balancing of its axis of figure or rotation, 

I . analogous to the oscillation of the Eartb^jA'here is this difference that the 
/ various movements of the Earth are Accomplished with mathematical 
regularity, in periods relatively very long, and according to laws which . 

/ allow us each instant to assign its true position in space. 

Having described the phenomena, let us indicate briefly how they are 
connected with the great law of the Solar System — ^with universal gravi- 
tatiotu If Ihe Earth were rigorously spherical, the direction of its axis of 
rotation would remain always the same,and would preserve indefinitely the 
parallelism of which we have before spoken. The action of gravity of the ' 
other celestial bodies would not change this direction, if we suppose, as 
observation shows, that the terrestrial poles occupy an invariable position 
on the globe. But it is known that the Earth is not a sphere, it is swollen 
at the Equator; it is like a perfect sphere, covered with padding, the thick- 
ness of which decreases from the equator to the poles, giving rise to a sec- 
tion resembling an ellipsa At the poles the thickness of the pad is nil. 
Now, it has been proved that the action of the mass of the Sun on 
this " padding " is the cause of the continuous retrograde movement 
the equinoxial points, which produces a corresponding advance of the 
successive equinoxes. In the same manner the action of the mass of the 
Moon on the same padding produces an analoggus, but much more 
rapid action ; that of the nutation of the Eartl^-^i^ 

* The mazimum of these changes does not reach 10" of arc 
t We have already seen, that an astronomer of Alexandria, Hipparchiis, first dis- 
covered the precession of the equinoxes. It is to Bradley (1647), that the discovery 
of nutatipn is due. Lastly, the glory of binding firmly these twQ phenomena to the 
Newtonian theory of gravitation was reserved for D'Alembert Laplace has since 
perfected this beautifiil hypothesis. 
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TfaljMffi still another kind of influence which affecte the moyement of 
the Earth, and which ia. also a consequence of the law of gravitation. This 
proceeds from the combined actions of the masses of the other planets on 
the mass of our globe. As the actions of which we speak are reciprocal, 
what we say of the Earth in this matter is applicable to any other planet: 
but to dwell on such abstract and complex considerations as these would 
be to go beyond the purpose of this work. We ^rill, therefore, coidine 
ourselves to pointing out its extreme importance. 

Kepler's laws, which we haveannounced and explained, and from which 
Newton deduced the law of gravitation, are only rigorously true when we 
consider a single planet and the Sun. But as the masses of the oth^ 
planets also act on this planet, each following the general law, there follows 
a series of modifications which periodically alter its movement. The in- 
clination, the direction of the major axis, the excentricity of the orbit, are 
elements which especially vary, in a manner changing at once the posi- 
tion and form of the orbit of the planet. These alterations which, very 
far from contradicting the law of gravitation, most brilliantly confirm it, 
are known in astronomy under the name of *' planetary pertutbations." 
We have referred to their great importance, not only because they enable 
us to calculate with precision the future position of the celestial bodies 
of our system, but, again, because they will serve — and the discovery (^ 
Neptune ia a proof of our remark — to complete the knowledge which we 
possess of the Solar System. 

In our next chapter we shall discuss the action of the combined forces 
of the Sun and Moon on the liquid part of the surface of the terrestrial 
globe, and we shall see manifested, in a manner visible to all, and in 
extremely short periods, the forces, the perturbations, to which we have 
referred. 



IV. 

THE TIDES. 

PhenomeiiA of the Ebb and Flow, High and Low-water — ^Epochs of Spring-tides — Coinci- 
dence of tbe Phenomena with the Positions of the Moon and Sun — ^Theozy of the 
Tides deduced from the law of Gravitation — Combined Actions of the Sun and 
Moon. . 

If we were to compare the sea to an immense being which Uves^ moves, 
and breathes, it is in the tempest we should see its anger, and in calms its 
sleeping hours, whilst the periodical movements of the tides would typify 
its regular and constant respiration. But these are poetical fancies on 
which we do not care to insist. These great phenomena of nature offer an 
interest so real that they require no more embellishment. The true explan- 
ation of the tides, morever, the connection of the causes which produce 
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them with the great theory of universal gravitation, are quite recent con- 
quests of science. It is scarcely a century since they were first submitted 
to calculation. They still offer, therefore, to many the attraction of novelty. 

Every one knows that twice a day, at an interval of about 12 hours 
and 25 minutes, the shores of the ocean present us with the spectacle of the 
flow of the tide : the tide by degrees rises, gaining on the beach, which it 
covers to a greater anil greater height, and i^ter six hours' swelling attains 
its maximum. It is a beautiful sight to see the agitated waves, which 
come with increasing fury, beat the pebbles and the foot of the rocky 
shore, throwing their salt spray high into the air. 
• Scarcely is the instant of highrwater or flood-tide attained, than the L^v -^ 

^ fi^w or rise of the water ceases ; the descent commences, and the eM suc- 
ceeds to they^OK^. The sea then leaves the beach which it covered, and by 
degrees re-descends to its point of departure ; we have then low^ateVy or 
ebb-tide. Then begins another rising tide, followed by an ebb, and so on. 

It must be understood, that the instant of low water is not at the mid- 
interval which separates two consecutive flood-tides,, the flow being of 
much shorter length than the ebb^or, in other words, the sea takes longer 
to go down than to rise. This diflerence varies according to the ports ; 
thus, it is 1 6 minutes only at Brest, and at Havre 2 hours and 1 6 minutes. 
Such, in the main, is the phenomenon of the tides. 

If we were confined to the observations of this periodicity of the move- 
ments of the sea, science would not have penetrated very profoundly into 
the mystery of their causes ; it could not predict, as it now does correctly, 
the height of the tides at the difl'erent ports, and the precise times of 
high-water, and thus afl'ord valuable information to navigators. 

Before commencing our explanation of the causes, we will conform our- 
selves to the natural course of science, and look more closely into the facts. 
, Between two consecutive flood- tides we have, as we have stated, 12 
hours and 25 minutes. It follows, therefore, that from one day to another, 
high-w^ater is 50 minutes behind. Thus the daily period of the pheno- 
menon is exactly equal to the lunar day, the length of which is also 24 
hours and 50 minutes, on the average. In other words, the successive 
retardations of high-water are presented by the successive transits of the 
Moon over the meridian. If, then, we note the hour of high-water in a 
port, it will be easy to predict the hour for another day. Sailors, profiting 
by this fact, make their arrangements accordingly, as they require to enter 
or leave the port on that day. 

Let us also notice this : 50 minutes of retardation in one day produce, 
in about 1 4 days and three-quarters, a total retardation of 1 2 hours ; and 
a retardation of 24 hours, or one day, in 29 days and a half; that is to 
say, in the period of a lunation. The hours of the tides are, therefore, the 
same every 15 days, with this difference, that the morning tide becomes 
the evening one, and reciprocally. At the end of a lunar month the hour 
becomes identically the same. 

2c 
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The facts which we haye akeady stated deal only with the times of 
high-water and their variations. Let as now occupy oorselves with the 
height of the tide. 

This height is itself veiy variable for the same sea and the same 
port ; but here, again, is .presented a remarkable periodicity, which 
shows that the phenomenon is connected with the relative positions of 
the Sun, Moon, and Earth. 

Near the new and the full moon the flood-tide attains its mazimnm, 
whilst the corresponding low-water descends to its lowest point. "These 
are the spring-iides^ or the '* tides of the syzygUs.*^ Their height^ then, 
decreases more and more, to the time of l^e first and last quarter of the 
Moon. We have, then, the neap-tides^ or tides of the guadrahares. Then, 
starting from these two periods, the height of the tide again increases 
till the next syzygies — ^that is, until the Moon is again in conjunction or 
opposition. 

But the highest, like the lowest tide, does not really fall on the same 
day as the lunar phase ; in every part of the ocean there is a difference 
of 36 hours, or a day and a half. It is, then, the third tide which 
follows the full and the new moon, which is the highest ; the lowest 
tide, which follows the quadratures, is also the third. 

These remarkable coincidences between the times, the periods of high- 
water, and the positions of the Moon and Sun with respect to the Earth, 
have given rise for some time to the supposition that the cause of the 
phenomenon resides in these two bodies. " Causa,*' says Pliny ^ in Sole 
LundgueJ* But of what nature is their influence 1 This is a problem 
which it has been given to modem science to solve. Descartes first 
dared to draw the veil and sound the mystery; and if this great 
philosopher did not succeed in his attempt, it was on account of his 
preconceived ideas on the system of the world. The honour still 
remains to him of having dared. But let us pursue the study of facts. 

The height of the tides again varies with the declinations of the Moon 
and Sun; it is by so much greater as the two bodies are nearer the equator. 
Twice a year, towards the 21st of March and the 2 2d of September, the 
Sun is actually in the equator. K, at the same time, the Moon is near 
the same plane, the tides which occur then are the highest of all Th^e 
are the equinoxiaJ spring-tides^ because the Earth is then at the spring, 
or autumnal equinox. 

On the other hand, the smallest tides take place towards the solstices ; 
if the Moon attains its smallest or its greatest meridional height at the 
same time as the Sun. 

Lastly, the distances of the Moon and Sun from the Earth have also 
their influence on the height of the tides. Other things being equal, 
the height of the tide is by so much greater as the two bodies are nearer 
the EartL Thus, the tides of the winter solstice are higher than those 
of the summer one. 
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Such are the general circumstances which characterise the periodical 
movements of the sea. But it must not be forgotten that they are not 
the only ones; the force and direction of the winds, the configuration and 
direction of the coasts, the depth and extent of the seas,-— circumstances 
which depend upon position and time — are so many multiplied influences 
which singularly complicate the tides. Thus, every one is aware that 
isolated seas, like the Caspian, or those of small extent, and communicating 
with the ocean by narrow straits, like the Black and Mediterranean Seas, 
have but imperceptible tides.* The opposite coasts of the Atlantic, which 
fSetce each other, west and east, have very unequal tides. It is the same 
with the eastern coasts of Asia, which have strong tides, whilst at the 
other side of the Pacific, and in the Oceanic Archipelago, the flow, which 
is very regular, attains but little height. 

But speaking only of the European ports, the intensity of the pheno- 
mena is extremely variable, even in neighbouring places. Let us take an 
example : according to the calculations of the tides for the year 1864,f 
the highest tide was that which followed a day and a half after the full 
moon of the 15th September, a little before the autumnal equinox; it 
occurred on the 17th. 

The calculated height of this tide was at Brest, 1 2 feet ; at Granville 
23^ ; 10| feet at Cherbourg ; 14 feet at Havre. These numbers, very 
different for the neighbouring ports, show only the height above the mean 
level of the sea ; that is, the level the water would taike if there were no 
tidea They must be doubled, if we wish to have the height of the flood- 
tide, above the level of low-water, for the same day. Thus, at the ports 
of Granville and St. Malo, the waters rose on the date mentioned to a total 
height of about 46 feet If the wind favours such a tide as this, and 
increases its violence and its height, great disasters may be feared. 

There is a vast difference between the tides of the western coast of 
Europe and those of the isles of the Southern Sea, which scarcely rise to a 
height of 20 inches. Bui there are some still more terrible; and amongst 
them we will content ourselves with quoting those of the Bay of Pundy in 
New Caledonia, which rise, it is said, to a height of nearly 100 feet 

The cause of these differences in height is greatly owing to local 
circumstances. Thus, the ports of the Channel are subject to strong tides, 
because the moment the waters meet with an obstacle in the narrowing 
of the coasts, and the farther the gulf is penetrated, the higher is the tide. 

The tide is felt in great rivers, to a distance depending upon their 
size and depth. At the moment of high-water the waters of the river 
flow back, re-ascending their course, but the transmission of this river- 
tide is progressively retarded. 

* According to the obseirations of the able and regretted G. Aim4, who studied 
the undulation of the tides at Algiers during two years, the height of the luni-solar 
tide in that port is nearly 3^ inches on the day of syzygies. 

f By MM. Laugier and Mathieu, Anmuiire du Bureau des LongUudu. 
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Hence follow the curious phenomena, known in France under the 
n&mes of maacant and barre [such as the " bore " in the river Seyem}. 

We will now speak of the causes of the tide. 

It is the combined actioua of the Moon and Sun on the liquid mass 
with which our globe is three-quarters surrounded, which produce the 
alternate morementfl of the ebb and flow. 

We have seen, that if two bodies, such as the Earth and the Moon, are 

present, the molecules of both have a mutual tendency, known under the 

name of "gravitation," the intensity of which varies directly as the masses, 

' and inversely as the square of the distance. Let us now see bow this 

action is exercised by the Moon on the liquid molecoles of a sea. \ 

The Earth having tho form of a spheroid, the liquid stratum vhich 



Fig. ITS. — AttnctlOEiattlieMDODOa the nten of tba H«. BImple luiurtld?. 

covers it would have a form exactly similar, and continually the same — 
except accidental variations due to meteorological causes — if the Moon 
and Sun did not e:dst. 

Let us consider the Moon at a given moment Let na connect its 
centre with the centre of the Earth by an ideal line ; this line will meet 
the surface of the globe in two pointe diametrically opposite. The one 
nearest the Moon wilt be the place on the Earth at which the Moon is 
in the zenith. The opposite point will have the Mooo at the nadir, 
every place of the Earth which has the same latitude as the first will 
see the Moon on the meridian at that instant 

The attraction of the Moon on the nearest liquid molecnlea partly 
counterbalances the attraction of the Earth ; it lessens their gravity in the 
vertical direction. The molecules, which their fluidity and independence 
separate from the surface to the solid part of the Earth, rise by virtue of 
that attraction. The same thing happens, but in a less degree, with the 
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Beiglibouring molecules in the hemispliere turned towards the Moon, the 
attraction being slighter aa these molecules are situated farther &om the 
point which lies at the summitof the hemisphere turned towards the Moon. 

Hence it follows, that the liquid sheet with which this hemisphere is 
covered is swelled up towards 
the Moon, and, instead of keep- 
ing its spherical form, takes — 
thongh not, of course, in exact 
proportion — the form of an egg. 
There is hig^-waterat the top, 
low- water at every place which 
has the Moon on the horizon. 
If the Earth had no move- 
ment of rotation, this tide 
would be permanent, and the 
waters would thus remain in 
equilibrium, or at least would 
foUowthe movement, of revolu- 
tion of the Moon; the tides 
would have no other periods 
than the lunation. But the 
Earth in its rotation presents 
all its surface to the Moon, so 
that the wave follows the 
parallel which corresponds to 
the position of our satellite. 

So far we have explained 
the high and low tide for the 
hemisphere turned towards the 
Moon ; but how is it that the 
waters are also swelled up at 
the same instant on the oppo- 
site hemisphere t 

This is easily accounted for. 
The lunar attraction makes 
itself felt on all the molecules 
which compose the earth and 
sea; but its energy is much 
more slight, as these molecules 
are more distant. If this action 

were exercised on every point pig. i79.-Con,hi,.«i Kii«n of ,h> m«™ .nd ths sun on 
with equal intensity, there Ui* w«ten of Uie §«. Loni-ioUitLdeofUniiyiTgiei. 
would followa total displacement towards the Moon, but no change of form. 
The inequality of attraction causes the most distant molecules to remain 
behind; their gravity towards the Earth is diminished, and all the liquid 
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atrata on the henusphere opposite the Moon take precisely the same form 
as those that are in front [In a word, on one side the water is pnlied 
from the Earth, on the other the Earfh is pulled from the water.] 

This problem, when submitted to mathematical analysis, indicateg 
for the general form of the surface of the ocean that of an ellipsoid, 
swollen in the direction of the diameter of the earth, which when 
prolonged passes through the Moon nt every instant. 

There is then high-water whenever the Moon transits either the upper 



or lower meridian, that is to say, every 1 2 hours and 25 m inutes ; and 
low-water every time that it is at the horizon of a ptSceHJiat is to say, 
at periods of equal duration. 

But it is not the Moon alone which acts, there is also a tide produced 
by the attraction of the Sun. The enormous hnik of that body would 
produce immense movomenta of the waters if its distajice, four hundred 
times greater than that of the Moon, did not counterbalance the attract- 
ive force due to its mass. The solar tides, although much smaller thsD 
the lunar ones, sometimes increase them, at others neutralise them. 
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They increase them when the two bodies are on the same line with 
the Earth, which occurs at the syzygies — at new and full moon (fig. 
179). The actions of the two bodies neutralise, each other when the 
Moon is at a right angle to the Sun, and in that case the resulting tide 
is a minimum (fig. 180). 

Calculation shows that the luni-solar action is much more intense 
when the bodies are nearer the equator: hence the great equinoxial tides. 
Lastly, the action varies in the inverse ratio of the cubes of their distance : 
it is therefore clear, that the tides are higher when the Moon and Sun 
are nearer the Earth. 

Such in the main is the principle of the theory of the tides. These 
daily and irresistible movements are subjected to immutable laws; they 
are, by reason of the density of the water of the sea — a density inferior to 
that of the solid nucleus which that water covers — ^confined within narrow 
limits. Natural laws suffice to " put a curb on the fury of the waves." 

[It must be noted, however, that, although the statical equilibrium 
of a tidal wave is thus accounted for, the dyna mical con ditions of the 
problem cannot thus be explained. On the contrary, if we consider only 
the dynamical relations, we shall find that the place of low-water should 
be under the Moon and at the opposite part of the Earth, the place of 
high-water between these regions. Newton, Laplace, Airy, and others, I 
agree in this view. The theory of the tides remains yet to be estab- [a^ 
lished satisfactorily. Much that has been presented in popular treatises 
as a part of that theory is, in reality, but an account of the results of 
observation. — R A. P.] 
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V. 
ORIGIN AND FORMATION OF THE SOLAR SYSTEM. 

Laplace's Hypothesis of the Origin and Fonnation of the Solar System — Primitive Nebula 
— Luminous Nucleus — Formation of Planets and Satelliteis — ^Direction of the Move* 
ments of Rotation and Beyolution. 

The human mind seems so organised that it attaches itself with more 
obstinacy and perseverance to the pursuit of those questions which it is 
impossible to solve than to those which are more accessible. At the risk 
of a kind of intellectual vertigo, it loves to lean over the cliffs of those 
abysses of thought, at the bottom of which lie in confusion the solutions 
of so many grave problems, the origin and the end of all things, the 
essence of the first cause, and many other questions which are rather in 
the domain of metaphysics than of science. 

This tendency towards the abstract is, so to speak, irresistible. It is 
not sufficient for us to fathom, with the telescope, the depths of infinite 
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space, where the eye sees snooeeding each other without end sons and 
clusters of suns; we still wish to know if this progression has an end, a 
limit. We cannot helieve in nothing, and our mind is lost in the con- 
templation of an indefinite chain of heing. 

By a like curiosity, we attempt to remount the course of time, and to 
picture to ourselves the first origin of things. We almost know what is 
the actual state of the universe. The discovery of the most general laws 
authorises us to predict the future state of the celestial bodies, at least in 
our system. We therefore try to know what it is which has giv^i them 
birth, and lacking the positive knowledge, which it is so difficult to 
acquire in such matters, we attach ourselves to the traditions which 
have been in vogue from the first ages of humanity. 

Will there ever be any certain notions on this subject t We know 
not. But we shall not be sorry to know what are actually the most 
probable conjectures deduced from those sciences which deserve in the 
highest degree to be called positive. 

Geology teaches us that the Earth, at its origin, existed in a fluid 
state. Forced from an immense agglomeration of gaseous matter, 
endowed with an excessive temperature, condensed at its centre, it has 
slowly cooled, then formed a liquid shell enveloped with a high and thick 
atmosphere. Then, in consequence of the gradual loss of heat, the super- 
ficial strata by degrees solidified, until a certain state of general equili- 
briom has given itZ dimensions and form which it nofpoeses^ 

Among the many witnesses which testify to this ancient history of 
the Earth, there are two which still remain, and which we can now 
question. These are, on the one hand, the increasing temperature of the 
strata as we descend, which compels us to consider the interior nucleus of 
the Earth as being still in an incandescent state; volcanic eruptions are 
an additional proof in support of this hypothesis. On the other hand, in 
the form of the terrestrial globe, in its flattening in the direction of its 
axis of rotation, and the swelling out of the equatorial portion, lies the 
mechanical proof of the fluid primitive state. 

Such are the most certain data which we possess on the ancient history 
of the Earth, the different evolutions of which can be followed. It is not 
easy, however, to assign certain epochs to the various phases of this 
development, but, in such a case, probabilities suffice, and all agree in 
giving to our planet an age, the antiquity of which is counted by some 
hundreds of thousands of years. 

Is the Earth, then, the only planet of the Solar System to which we 
must assign such an origin! Here precise data fail us, and it is to analogy 
that we must appeal for an answer. We have said that facts are wanting. 
We mistake ; there is one which is of great weight ; it is the fact of a 
common flattening, which is certain in Mars, Jupiter, and Saturn, and 
which the difficulty of measurement only has prevented us from proving 
in the other planets of the Solar System. It is, then, extremely probable 
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that at the origin the whole Solar System was formed from an agglomera- 
tion of matter in a gaseous state, which by degrees was transformed into 
distinct bodies, under the influence of a cooling going on during thousands 
of centuries. We thus arrive at the hypothesis formulated by one of 
the greatest sons of modem science, Laplace, who has thus attempted 
to account for most of the phenomena of planetary astronomy. We 
shall try to describe in a few words this theory of the origin of the 
bodies which compose our system. 

If we go back in thought to an epoch distant from our own by a con- 
siderable series of centuries, the whole Solar System, or more exactly, all 
the matter which now forms the different groups, existed in a purely 
gaseous state, or, as it may be put, under the form of an immense nebula, 
extraordinarily diffused, presenting no indication of condensation. In 
such a condition the molecules of the nebulosity were so distant one 
from the other, that the repulsive force with which they are endowed 
entirely annulled the attractive force by virtue of which, gravitating one 
round the other, they would tend to form groups. But centuries 
elapsed ; the nebulosity by degrees cooled by incessant radiation into 
space : the action of the repulsive force diminished, and that of attrac- 
tion was exercised more and more : it condensed and formed one or 
many centres in various parts of the nebulosity. 

The solar nebula ought then to have presented at last the aspect of a 
luminous nucleus enveloped to a great distance by a kind of gaseous 
atmosphere, in form nearly spherical Such appear to us in space the 
nebulous stars; we have seen, indeed, that astronomers consider these last 
systems as irreducible into stars, or as simple, double, or multiple suns, 
surrounded with a real nebulosity, either self-luminous or illuminated by 
the central body. At this period of its formation the Sun existed alone, 
the planets and their satellites remained undeveloped in the atmosphere. 

But the entire mass, was endowed with a movement of rotation, which 
forced in the same direction either the molecules of the nucleus or those of 
the nebulosity. At a given moment the limits of this latter depended upon 
the distance at which the centrifugal force due torotation was in equilibrium J / 
with the central force of gravitation. These limits changed and approached 
the centre, under the influence of a continual cooling, which induced in 
consequence a diminution of volume in the nebula. Hence the abandon- 
ment of a zone of condensed vapour at the distance of the first limits. 

By degrees the celestial atmosphere abandoned a series of zones of 
vapour nearer and nearer the centre, all being nearly in the plane of 
the general equator ; that is to say, that in which, in consequence of the 
velocity of the rotatory movement, the centrifugal force was natur- 
ally preponderant. 

These are the zones which have given birth to the planets, or to the 
groups of planets and asteroids. 






\*' 






4 






^■^ 



(/ 



394 THE LAWS OF ASTRONOMY. 

iT For it to have been otherwise, for the zones detached from the general 

nebulosity to hare kept the form of rings concentric with the Son, there 

' ^ must have been a perfect equilibrium continuing to exist between the dif- 

^. ferent molecules composing these rings. But, according to Laplace's 

expression, the chances were greatly against this. The rings divided, 

and the most considerable (2^6m, attaching and incorporating the rest, 

again formed centres or nebulous nuclei It is ipaportant to remaric that 

each of them must have been animated with two simultaneous movements, 

one of rotation round its own centre, the other of translation round the 

common centre. Moreover, as these two movements were but the continu- 

' . / ation of the general anterior movement, their direction remained the same 

rJ as that of the rotation of all the system, or of the solar nucleus. The 

^ V planets once formed, we can understand perfectly how these smaller 

nebulas, similar to the larger one, produced the birth of new bodies 
r "* gravitating and revolving round each of them ; such is the origin of 

the ^tellites. 

Laplace next explained why the satellites formed no more new satel- 
^jX^ 1^^} &nd why t hftfi^ g ft<* yndAry Ij ^ jy^ present the same side to the planet 
^ I round which they gravitate: it is, that their small distances giving to the 

attraction of their primary a preponderating influence, the satellites them- 
selves, when still in a fluid state, were swollen up tide-like, towards the 
planet ; and from their rotatory movement followed a time of rotation 
nearly identical with that of their movement of revolution. After a cer- 
tain number of revolutions these periods become rigorously equal 

Such is, in a few words, the magnificent theory which Laplace has 
presented to the scientific world, with a reserve which testifies to the pro- 
found respect which this great genius accorded to the truths demonstrated 
with all the rigour of science. It must be acknowledged that it is in 
perfect accord with the laws of general mechanics, and with the facts of 
both astronomical and physical observation. Without extending the 
subject farther, it is impossible not to be struck with the agreement 
which the system of Saturn presents with the conception of the illustrious 
geometer ; Laplace insists with reason on this point 

*^ The regular distribution of the mass of Saturn's rings around its 
centre, and in the plane of its equator, follows naturally from this hypo- 
thesis, and without it it must rest without explanation ; these rings* 

* Some very curious physical experiments, imagined bj M. Plateau, aoconnt 
in the most satisfactory way for the phenomena which we have just described ; 
thev appear to us well adapted to dissipate the obscurity, which a description of 
such an abstract conception would natuiBliy leave in the minds of some of our readen. 

These experiments consist essentially in freeing a fluid mass from the action of 
gravity/ in such a manner that all its parts may be merely acted upon by their mutual 
attraction ; and in imparting afterwards to this mass a movement of rotation more and 
more rapid. To do this, M. Plateau places a quantity of oil in a glass vessel, filled 
with a mixture of water and alcohol, tne lower strata of which are less dense than the 
oil, whilst the upper strata are lighter. The mass of oil descends in the mixture as fiu* 
as the stratum of the same density, where it remains, taking the fonn of a sphere. 
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appear to me to be ever present proofs of the primitive extension of the 
atmosphere of Saturn, and of its successive contractions. 

[llie theory, however, gives no account of the observed relations of 
planetary magnitude, inclination, axial rotation, etc. ; nor of the meteor 
systems, which are now found to traverse the Solar System in all direc- 
tions, and with all degrees of excentricity, inclination, and so on. The 
present writer has shoi^n that these peculiarities, as well as all those 
accounted for by Laplace, can be explained by the theory that the Solar 
System resulted from meteoric aggregation rather than (directly) from 
the condensation of a gaseous mass. See, Other Worlds than OurSy c. ix. 
— R A. P.] 

In this state, the mass of oil is freed from the action of gravity, and the form 
which it takes is due simply to the mutual attraction of its molecules. 

Next, by the help of a metallic disk introduced with^care into the sphere of oil, 
and a stem which passes through its centre and communicates with a handle, M. 
Plateau imparts to tne system a progressive movement of rotation. 

When this movement is slow, the sphere is transformed into a spheroid, swelled 
at the equator, flattened at the poles, under the action of the centrifugal force, which 
developes the movement. The phenomenon accounts then perfectly for the form of 
the planets. 

If the movement becomes more rapid, the flattening becomes more considerable ; 
the spheroid at last becomes indentea at its poles, spreading out more and more in 
the horizontal direction, until the oil, entirely leaving the disk, is formed into a 
circular ring. At this moment, the phenomenon at once explains both the zones 
detached at the origin of the solar mass, and the rings of Saturn. 

Lastly, if the rotatory movement, rendered more rapid, is continued with a disk of 
a diameter sufficiently large, the centrifugal force, in driving the paiticles of the 
surrounding medium towards the ring, soon separates it into several isolated masses, 
which form themselves into individual spheres ; each of which preserves for a certain 
time a movement of rotation of its own m the same direction as the rinfi^. 

This last phase of the phenomenon offers a striking analogy with that of the for- 
mation of the centres of condensation which, on Laplace's hypothesis, are the origin 
of the planets of our system. 
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CELESTIAL MEASUREMENTS. 

Cteneral Idea of the Problem by which the Distance of Inaccessible Objects is determined 
— Solution of this Problem on the Earth's sorface^Distance of the Earth from the 
Moon — Solar Parallax, Distance of the Sun from the Earth — Stellar Parallax, Distance 
of the Stars. 

We are now about to discuss one of those problems, the solution of 
which leaves so many doubts and gives rise to so much incredulity in 
the minds of those unacquainted with mathematical science and methods ; 
we refer to the determination of the distances which separate us from 
the various celestial bodies. 

In enunciating the problem generally, we shall put in evidence the 
essential difficulty, the cause of the incredulity to which we have referred, 
and which we must attempt to remove. The problem is as follows : — 

To measure by means of a conveniently chosen unit the distance of a 
visible but inaccessible point. 

The difficulty lies in the circumstance that the object in question is 
inaccessible. K we speak of measuring a line on the surface of the Earth, 
the possibility of the operation is at once recognised. Without being 
in the secret of the methods employed, — methods often very long, very 
laborious, and very delicate, — ^it is assimilated vaguely to direct measure- 
ment of a small distance by means of a chain or cord ; and no one 
makes a difficulty in admitting, errors excepted, the results of surveys 
of the surface of our globe. 

But how can we ever know the length of the straight line which joins 
the eye and an object situated in space, out of our reach — ^the Sun or Moon, 
for instance 1 Iliis is the question raised by most persons when they 
hear astronomers affirm that the Moon is 240,000 miles from the Earth. 

We shall, therefore, show that this problem is one of no real difficulty: 
the necessary operations are, theoretically, very simple, and it is in the 
practical carrying out of them that the real difficulty — the impossibility, 
where the thing is impossible — ^lies. 
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We irill proceed &om the knowii to the unknown, &om the simple to 
the complex, and ve will commence with the problem of the distance of 
an inaccessible point, situated on the Earth's surface. We shall see that 
in the main the solution of thia case is the same as that of the most diffi- 
cult ones, and applies equally to the determination of the distances of the 
heavenly hodies. 

We will suppose ourselves in a level field or meadow. We see oo the 
horizon the top of a tower, from which we are separated by some obstacle, 
such as a river. We want to know the distance of this tower from our 



Fig. 181.— Ileuore of Ihe dlsuitice of an ImciisMible objMt. 

stand-point without actually measuring or stepping the distance ; without, 
in fact, crossing the water. We shdl proceed as follows : — 

At C, our standing-point, we plant a stick ; at B in the meadow, we 
plant another, at a distance which must not be too small compared with 
the distance of the tower. We now measure accurately by means of a 
Gunter's chuo, or tape, the straight line which joins B and G. Let it 
be, for example, 468'7 yards. 

Tbb is the Bom Line of our operations. 

Now, by means of a theodolite placed succeEsively at G and B, we 
observe the tower at each station, and the instrument will give us the 
angje formed by the visual ray with our base-line ; that is to say, the 
angles at the base of the triangle ABC. What do we now know I 
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First, the exact length of the line B C, measured on the ground iteell^ 
directly ; and secondly, two angles : A C B, which we will suppose to be 
equal to 80'' 29', and A B C equal to 75^ We shall find these daU 
quite sufficient to lay down a siinilar triangle on paper, on any scale that 
we may choose, in such a manner that, by means of a properly divided 
measure, we may read olET the number of yards in the side C A of the 
triangle. We shall find it 1085 yards, nearly. 

The distance sought, therefore, has been found, and the problem is 
solved. 

The precision of the result will depend upon two things : firsts the 
degree of exactness of the measurement of the base; secondly, that of the 
two angles. This double precision itself depends upon the perfection of 
the measuring instruments and the skill of the observer. Nor most we 
forget another important consideration. The choice of the base both as 
to its position and length, has a great influence on the result. If it be 
too small relatively to the distance measured, the form of the triangle is 
very elongated, and a small error in the measure of either angle may 
cause a laige error in the result In terrestrial measurements, we can 
of course, always choose our base ; in celestial ones, on the contrary, 
this is not the case, and a difficulty often practically occurs in this way 
with which theory has nothing to do. 

We now arrive at the application of what we have said, and wiD 
begin with the most simple case, that of the distance of the Moon. 

Two astronomers arrange to observe in two different parts of the 
globe. One chooses Dantzig, the other the Cape of Good Hope. We 
vnll suppose the two stations, for greater simplicity, situated on the same 
meridian, so that the time is the same at both stations at the same 
absolute instant 

They agree to observe the Moon simultaneously, that is, on the same 
day (or night) at the same hour. These stations A and B (fig. 182) 
being known, the difference of the latitudes is known ; this is the angle 
A T B formed at the centre of the Earth by the verticals of the two 
stations. 

These are the data of the problem. What we have to find is the 
length of the distance L T, or the straight line which joins the centre of 
the Moon with the centre of the Earth, at the time the observation is 
made. 

The first observer, by the aid of a special instrument, measures the 
angle Z A L, the zenith distance of the Moon's centre. The second 
observer, at the Gape, does the same for the angle Z'BJm This is aU that 
need be done. We can now construct on paper a figure similar to the 
four-sided figure, L A T B. The angle T is known ; the lines Z A and 
Z B are two nearly equal radii of the terrestrial sphere; and the direction 
of the lines A L and B L is given by the observations. When once this 
four-sided figure is laid down, we only have to connect the points T and 
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L, and to find its length, taking the Earth's radius as the unit of 
measaremenL* 

W« have thus found that the mean distance of the Moon is about 
60 radii of the Earth. 

We now pass on to the distance of the Snn, and of the divers planete 
of the Solar System ; s,tid we will conuuence by two remarks, which 
will simplify our subsequent explanation. 

If we refer to the first general problem, of the distance of an inacces- 
sible object, we shall understand, if we look at fig. 181, that the accurate 
measure of the two angles at the base tells us at once the angle at the apex ; 
or the angle formed by the two straight lines which join the tower and the 
extremities of the base, [as the sum of the three angles in any triangle 
is a constant quantity = 2 right angles.] 

This angle is called the parailaz of the tower, and the object of all 
the problems, dealing with celestial distances, is to determine the amonnt 



rig. 1S3.— HcMun or lli» diitucc of tba Mooii. 

of this parallax. Thus, for the distance of the Moon, what we seek to 
know is the angle wbidi the base A B (fig. 162) would subtend at the 
centre of the Moon, or, more generally, the angle subtended by the 
diameter or radius of the Earth at the Moon. 

In the case of the Sun, the problem may thus be stated. Under 
what angle would the diameter of the Earth appear at the centre of the 
Sun 1 or, in astronomical language. What is the Sun's parallax 1 

The second remark is as follows :— Kepler, by the discovery of his 
laws, enabled us to determine not the absolute, but the Telatine distances 
of the planets from the Sun ; in such a manner that, although he was 
unable to express the absolute distance by means of a common unit, in 
miles for example, the relative dimensions of the orbits were so known 
* In thig exuople, u in the other, th« gninhic construction on paper— an exceed* 
ingly rough method — is not the one actual] j employed. The real solutiDn is 
■ccompluned by a more or less complicated, but sure, mathematical calculation. 
This calculation admits of a predaioD which is only limited by the accuracy of the 
preliminary observations. 
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that he could >ay, for iiist>QC«, th&t the mean dUtance of Japiter from 
the Sun was 5^ that of the Earth, the distance of Yenos from the Sun 
was iViAr ^^^ of *'^B Earth, and so on. 

So that, vhen once the distance of any one planet from the Son ia 
detennined, by Kepler's laws we can deduce those of ail the rest. 

The planet whose distance we have therefore endeavoured to deter- 
mine is naturally the Earth. How, then, have we attempted Itt 

[Here we at once approach s new step in measures, and touch upon 
one of the noblest problems of Astronomy. We have seen how it is 
possible to measure distances on the Earth ; and how two observers, 
using their distance on the Earth as a base-line, can determine the 
distance of the Moon. But the measure of the Moon's distance- in no 
way helps ns to get at that of the Sun. The latter is entirely a different 
operation, and on the correctness with which we can accomplish it 
dei^ends " every measure in astronomy beyond the Moon, the distance 



Fig, IM.— llM.n» of lh» Bun'* dl.Unce b>- the tnuuit of V*nnf 

and dimensions of the Sun, and every planet and satellite, and the 
distance of those stars whose parallaxes are approximately knovn."t 

The value of the Sun's distance at present received has been deduced 
from the transits of Venus in 1761 and 1769, and as these transits 
afford the most satisfactory means (although, as we have |een, note, page 
15, there are others) of determining it, we will endeavour to g^ve an 
idea of the method employed. 

We have seen that when Venus crosses the Sun's disk, during its 
transit, it appears as a round black spot. Let us suppose two observers 
placed at two different stations on the Earth, properly chosen for observa- 
tions of the phenomenon, one at a station A in the Northern hemisphere, 
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another at astation B in the Southern one. When Venus isexactly between 
the Sun and the Earth, the observer at A will see her projected on the Sun 
at a certain point, which we will call Y,; the Southern observer at B will, 
from his lower station, see the planet — ^which we will call V — projected 
higher on the disk at a point which we will call V^. Now, the angle 
which we require to know, in order to determine the Sun's distance, is 
A V jB, and the proportion of the measured angle Y, A Y^ to the desired 
angle A Y, B is as Yj Y to A Y, or as 72 : 28, very nearly. So that, 
clearly, all depends upon finding the value of the angle Y, A Y^. Now, 
how can this be done ? 

K the distance between the two stations is sufficiently great, the planet 
will not appear to enter on the Sun's disk at the same absolute moment 
at the two stations, and therefore the paths, or the '* chords " traversed 
will be different Speaking generally, the chordswill beof unequal length; 
so that the time of transit at one station will be different from the time 
of transit at the other. This difference will enable us to determine the 
difference in the length of the chords described by the planet^ and conse- 
quently their respective positions on the solar disk, and the amount of 
their separation. Now, this separation is the angle Y^ A Y, required. 
Having this, we can compute the value of A Y, B, and infer from it 
the Sun's distance ; in fact, if A B were situated at the extremities of 
a diameter of the Earth, we should know the angle which it would 
subtend at the Sun : in other words, we should know the Sun's parallax. 

But this is on the supposition that the Earth has no motion of rota- 
tion; let us introduce this consideration, and see not only how it 
modifies the result, but also with what anxious foresight astronomers 
prepare for such phenomena, and why it was requisite in 1 769 and 1874, 
and will be again necessary in 1882, to go so far from home to observe them. 

Let us take the transit of 1882 :* we already know the instant and 
place (true perhaps to a second of time and arc) at which the planet will 
enter and leave the solar disk ; in other words we know exactly how the 
Earth will be hanging in space, as seen from the Sun — how much the 
south pole will be tipped up — how the axis will exactly lie — and how the 
Earth will be situated at the moments of ingress and egress. Now, if we 
draw two planes cutting the centre of the Earth, tangential to those parts 
of the Sun's limb at which the planet will enter and leave the solar disk, 
we shall recognise in a moment that some parts of the Earth will see the 

* [When this was written the transit of 1874 had been neglected so far as the 
application of the method here considered was concerned. It had appeared to the 
Astronomer-Royal» on a general view of the subject, that the transit of 1882 would 
be preferable. But a very careful analysis of the conditions of the two transits by 
the present writer (see McntMy Notices of the Astronomical Society, vol. xxix.) has 
shown that in reality the transit of 1874 would afford far more faTourable oppor- 
tunities for the application of Halley's method than the later transit, during wnich, 
indeed, that method can hardly be applied at all. Fortunately the correction came 
in time to be of service, and due obserrations were made last December (1874) by all 
the methods available for the purpose. — R. A. P.] 

2d 
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planet enter the disk sooner than others. Some parts, on the other hand, 
will see it leave the disk later — ^in other words, according to the position 
of a place with reference to the plane of which we have spoken, both 
ingress and egress will be accelerated or retarded as the case may be. 

Now, if we can find a place where both the ingress will be accelerated 
and the egress retarded, and another where the ingress is retarded and 
the egress is accelerated, we shall get what we want, the greatest 
difference in the duration of the transit, — the greatest difference in the 
length of the chord, of which we have before spoken. 

" Selecting, then (we quote from a paper by Sir G. B. Airy in the 
Monthly Notices^ voL xxiv.), the parts of the Earth at which the duration 
of transit would be shortest, it is seen at once that in the seaboard of 
the United States of America the ingress is retarded by a quantity 
represented by 0*95, and the egress is accelerated by a quantity which, 
in the mean, is 0*83 nearly ; so that the whole shortening is represented 
by 1*78 (the geometrical possible maximum being 2 00). That locality, 
therefore, is very favourable. 

" Selecting, secondly, the parts of the Earth at which the duration of 
transit would be longest, it will be found that the choice is more limited, 
and the practical difficulties rather greater. For the acceleration of ingress 
at 2^ Oreenwich mean time, the observing station ought to be on the right 
side of the diagram, and for the retardation of egressat 8^ Greenwich mean 
time, it ought to be on the left side of the diagram. It is impossible to 
satisfy these conditions, except by a station on the Antartic Continent. 
From this and other considerations, it has been found that the place must 
be in 7^ East longitude nearly. Such a position can be found between 
Sabrina Land and Bepulse Bay. Here the whole lengthening of transit 
would be represented by 1*61 ; a very large amount (the geometrical 
possible maximum being 2*00). Combining this with the observations 
at Bermuda, the whole difference of durations would be represented by 
3'41 (the geometrical maximum being 4*00). This point near Sabrina 
Land is, in fact, the only one which is suitable for the observation." 

[But when the mistake made in the original paper in the two transits 
had been pointed out, it was suddenly discovered by Sir G. B. Aiiy and 
the Admiralty that Antarctic observations were altogether impracticable, 
so that the above account must be regarded as based on a double mistake. 
However, it does not the less illustrate the principle of the methods used 
for observing transits. — R A. P.] 

This method, we see, is sometimes more complicated than that by 
which the Moon's distance, or that of the inaccessible object, was deter- 
mined ; but they all depend upon the same principle. 

We have given, however, but the spirit of the method, omitting all the 

difficulties met with in practice, and all the consequent complications in 

the calculations.* 

* The reader may perhaps ask why the Sun's parallax is not determined direct 
by a simple triangnlation, as in the other problems we have noticed. The reason 
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We must next endeavour to show by what methods we have been 
able to determine the distances of the stars situated beyond our system, 
or at least of some of them. 

The method of triangulation is still the one adopted. Bat the base 
is no longer either the radius or diameter of the Earth. Already we 
know that the angle under which our Earth would be seen at the Sun 
is extremely small ; and it has required all the precision of our modem 
astronomical data on the planetary movements to obtain a positive 
result. But the distance of the stars is so considerable, that it is useless 
to attempt to use a base on the surface of the Earth. 

It is, therefore, necessary to choose a biise elsewhere, and also some 



tig. 189.— Appumt nilitlDu in tlic hi <ght ot a tower at dlOWmt dliUncea. 

other unit of measurement. Astronomers at once thought of the distance 
which separates the Earth from the Sun, even before this distance was 
determined ; so that the problem was to determine how many times 
the Sun's distance was contained in the distance of any given star. 

Let ua see in what manner we have been able to use this immense base- 
line, which, as we know, contains some 24,000 terrestrial radii Let ns 
again take a familiar comparison for an example, and imagine an o1>ser\-er 
placed in the centre of an extensive plain. Before him, on the horizon, is 
a tower, the top of which appears to be of a certain height above the 
is, thnt the base of tbe triaiiRle, at Eta niBXimum, canttot eic:erd the dimensions of 
the Karth's dinmeter. Now tlie disUnce of the Sim ia so (^rcat that, campaicd to 
tbia base, errors of observation would muiime a connidenlile importancv, compand 
to the fxtreinrly small angle to b« meBBureil. [For instance, an error, whirh iu the 
cue of the Moon woald Uirow ug out only lOO miles, would in the cue of the Sun 
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general level of the plain. Now, it is evident that this apparent height 
depends upon the distance of the observer from it, and that the height 
will increase as he approaches the object^ and decrease as he recedes from 
it. Let us glance at fig. 185. When the observer is at B, the visual ray 
B S, has caused the summit of the tower to stand out on the background 
of clouds at b. If he move from B to A, approaching the tower, the new 
visual ray, A S, will form a greater angle with the surface of the plain 
than the first, and the top of the structure will have gradually elevated 
itself from btoa. By how much ? By an angular quantity exactly equal 
to that under which an eye placed at S would see the base A B, that is to 
say, the line of length of which measures the observer's displacement. 

Well, the horizontal plain represents to us the plane of the terrestrial 
orbit; the summit of the tower is a star, the distance of which we seek; 
its height above the plain is what is called by astronomers the star's lati- 
tude ; and the distance traversed, A B, will be that which the £arth 
accomplishes in six months, a distance of some 1 90 millions of miles. The 
displacement ba, is, in fact, the parallax of the star referred to the diameter 
of the Earth's orbit; it is double the parallax of the star if the radius of 
that orbit — the distance of the Earth to the Sun — be taken as an um't 

The question, therefore, consists in determining whether the latitude 
of the star has sensibly augmented when the Earth has passed from the 
first to the second position, and the precise value of this augmentation 
if there be any. 

A large number of most delicate observations at first showed no 
appreciable variation in latitude ; in a word, it was impossible to detect 
any change, even of a second of arc, in a star s place. So that the visual 
angle under which form one of these stars, a distance of some 183,000,000 
miles, is seen, is almost nil. 

Now, in order that any given length, a yard for instance, viewed in 
front, may be reduced so that it will subtend an angle of one second only, 
it must be removed from our eye to 206,000 times its own distance. 

It results, therefore, from this that the stars are removed from us at 
least 206,000 times the distance of the Sun from the Earth— 206,000 
times 183,000,000 miles. Let us imagine in a space a sphere — having 
the Earth for centre, and this tremendous distance for radius; it is 
perfectly certain that not a single star could lie within it. 

However interesting this first datum may be, it is only a negative 
one. But astronomers were not discouraged. They increased the 
perfection of their methods, and suggested a second still more delicate 
than the first. We will endeavour to give an idea of it 

Let us return to our observer. We will suppose that he has not been 
able to detect any appreciable increase in the apparent height of the tower, 
in consequence of the extreme smallnessof the displacement compared with 
the distance of the object observed. Nevertheless, this increase, however 
small it may be, is a reality. How, then, can he detect it) In this manner. 
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Instead of only looking at the top of the tower, he will compare its 
position with a neighbouring point — neighbouring at least in appearance 
— ^and will then commence his approach. One of two things must happen, 
either the two points are at the same distance from the eye, or one is 
farther off than the other. 

In the first case, the variation in the height will be the same for both, 
and the method will not succeed. In the second case, the top of the tower 
rising higher than the point with which it is compared, which we wiU 
suppose the more distant, their reciprocal distances i^ill vary. Now, on 
the one hand, it is much more easy to measure the variation where it is 
confined within small limits, than where it becomes relatively a consider- 
able quantity. On the other hand, the small apparent movements due to 
different causes, and the inevitable errors of observation and instrument, 
as they affect in a like manner both points observed, may all be neglected 
Such is, shortly, the second method employed by astronomers, the success 
of which has enabled us to determine, with a great exactitude, our dis- 
tance from some of the stars. 

Comparing with the greatest care, and for several years in euccession, 
the apparent position of several couples of neighbouring stars [one of which, 
by virtue of its proper motion, we know to be nearer to us than the other], 
we have been enabled to determine the visual angle, which the diameter 
of the Earth's orbit subtends at the nearest We have already dealt 
with the results of this method of observation. 

Such are, in their most elementary form, the methods employed by 
astronomers in measuring celestial distances. If, by means of the fore- 
going explanations, we have been enabled to convince our readers of the 
certainty of the results, and to dispel the doubts which some among them 
may have entertained on the possibility of the solution of this problem, 
our end is gained. But it must be fairly stated that, if the spirit or 
principle of the methods be easy to comprehend, the practical working 
out of them is extremely difficult ; all the resources of the mathematical 
sciences, all the most precise astronomical knowledge, so patiently accumu- 
lated during so many centuries, all the precision of our measuring instru- 
ments, have been indispensable for arriving at their exact solution. We 
have said nothing of the talent of observation, the sagacity, and some- 
times the genius, of the philosophers who have employed theoL 
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II. 

ASTRONOMICAL INSTRUMENTS. 

VISIT TO AN OBSERVATORY. 

Instruments for obtaining Magnifi^ Images of Celestial Objects — The Astronomica 
Telescope — Newtonian, Herschelian, Gregorian, and Silvered-Olass Reflectors — 
Instruments used in Observatories : Transit Circle, Equatorial. 

The surprise and admiration excited by a description of the marvels 
Trhich astronomers have discovered in the depths of the heavens are always 
accompanied by a strong desire to see for oneself. Hence arises a very 
pardonable curiosity to know more of the instruments, by means of which 
the circle of our knowledge of these magnificent phenomena is being con- 
tinually widened. Telescopes, both refractors and reflectors, are eagerly 
sought after; but those most frequently met with are ordinarily so small, 
that when we compare them with the large instruments now used in obser- 
vatories, the sentiment of curiosity is rather over-excited than satisfied. 

We have mentioned Observatories — Temples of the most sublime of 
the sciences which in the eyes of the profane, that is, of a large majority 
of the public, are looked upon as mysterious sanctuaries where, in the 
silent night and away from the busy hum of men, philosophers are in 
intimate communication with the innumerable worlds which people the 
Universe. How many there are among us, — we speak of those interested 
in science, — anxious to inspect one of them if even cursorily. In order, 
therefore, to do what we can to satisfy this wish, we give in this last 
chapter a short description of the principal instruments to be found in 
them. 

We may divide astronomical instruments into three distinct classes : — 

Those which serve to increase the power of the human eye, or, in 
other words, to lessen distances. Such are telescopes, divided into 
refracting and reflecting telescopes, or, as they are called, Befractors and 
Seftedors ; 

Those which have for their object the measurement of angles, and by 
means of which we determine the positions of the stars; Divided Circles 
and Micrometers are the principal instruments in this class, and they are 
always used in conjunction with telescopes ; 

Lastly, those which enable us to estimate time with all the precision 
requisite in astronomical calculations [that is, to the tenth part of a 
second] ; such are Astronomical Clocks and Chronometers. 

We must limit ourselves here to the first class, those which, by giving 
us a magnified image of the object, bring it apparently nearer to us, and 
thus assist our sight. By reason of its etymology (r^Xe, far, and orxoircTi', 
to see), the term Tdescope is applied to all those instruments which fulfil 
this condition, whatever be their construction. 
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In Befractors, the light is made to pass through a combination of 
lenses, called the Object-glass, and is refracted, or bent, to the focus. In 
Beflectors, the rays are received on a mirror, or Speculum, and are reflected 
to the focus. This is the fundamental distinction between the two classes: 
in both the aerial image formed at the focus is examined in the same manner. 

The following description will enable us to understand the specific 
character, which we have thus defined in such a general manner. 

The Astrmomical Telescope is a refractor formed, as we have seen, 
of two systems of lenses, one held in position by a cylindrical tube; the 
one turned towards the object is termed the Obfect-glass, and on it &U8 
the beam of rays emitted by the object viewed : this is grasped by the 
object-glass, and made to converge, at a certain distance behind it^ to a 
spot called the focus, where it forms an image of the object observed. 
This image, a & in the figure, is examined by the aid of a magnifier, in 




A' 

Fig. 180.— Theoretical Section of the Astronomical Telescope. 

precisely the same manner as a naturalist examines an insect or a plant. 
The eye, in looking at the image of the object by means of this lens — 
which again may be, and generally is, a combination of lenses — observes 
it magnified, and can examine its details. Hence it is called an eye-piece. 

Such is, in principle, the construction of an Astronomical Telescope. 
It must be observed that it is not the object itself which is observed by 
means of the eye-piece, but its image, and it is the image alone whidi 
is magnified. 

[A word now as to the potoer of the telescope, and, first, as to its 
Uluminating power. The aperture of the object-glass — that is to say, its 
diameter — ^being larger than that of the pupil of our eye, its surface can 
collect more rays than our pupil : if this surface be a thousand limes 
greater than that of our pupil, it collects a thousand times more lights and 
consequently the image which it forms at its focus is a thousand times 
brighter than the image thrown by the lens of our eye on to our retina. 

Having this image at the focus, the magnifying power of the telescope 
comes into play. This, in the general opinion, is the most important 
element of power. It varies with the eye-piece employed, the ratio of the 
focal length of the object-glass to that of the eye-piece giving its exact 
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amount Bearing in mind that what an astronomer wants is a good 
clear image of the object observed, we shall at once recognise that mag- 
nifying power depends upon the perfection of the image thrown by the 
object-glass and upon the illuminating power. If the object-glass does 
not perform its part properly, a slight magnification blurs the image, 
and the telescope is useless. Hence, many large telescopes are inferior 
to much smaller ones in the matter of magnifying power, although their 
illuminating power is so much greater. Hence, again, the immeasur- 
able superiority of refractors over reflectors in this particular; for, 
although by virtue of their illuminating power they are admirably 
adapted for observations of nebulae, where the best definition of the 
image is required, they are found sadly wanting. 

There is another matter to be mentioned. In the case of stars — 
which, by reason of their immense distance, appear as points — ^no increase 
in the size of the disk, except the one mentioned farther on, follows the 
application of higher magnifiers ; with planets this is different : each 




Fig. 187. — Section of the Astronomical Tdescopc 

increase of power increases the size of the image, and therefore decreases 
its brilliancy, as the light is spread over a larger area. Hence the 
magnifying power of a good telescope is always much higher for stars 
than for planets, although, at the best, it is always limited by the state 
of the air at the time of observation.] 

If the material of which the object-glasses are composed is equally 
pure, and their definition equally fine, those with the largest apertures 
possess the greatest magnifying power. 

To return to the object-glass. It is composed generally of two 
lenses, in juxtaposition, or nearly so, one bi-convex, the crowriy the other 
bi-concave, the flint. This combination is required to destroy the chro- 
matic aberratum, which, without it, would surround the image with a 
halo of coloured light, and destroy the purity of the image. The eye- 
piece also is composed generally of two or more separate lenses, the 
object of which is to reduce the distortion of the image as seen through 
a single lens, and to increase the field of view. 

In fig. 186 is given a section or interior view of an astronomical 
telescope, similar to the one figured in fig. 187. 

[Among the most remarkable and powerful refractors of the present 
day, we may mention that at Chicago, of 18^ inches aperture, the work 
of the celebrated American optician, Alvan Clark, and those of Pulkowa 
and Cambridge, U.S., each of 15 inches aperture, from the atelier of 
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Merz, the successor of the celebrated Fraunhofer. While we write, our 
English opticians, Messrs. Cooke and Sons, are mounting an object-glass 
which they hare just completed, of the enormous aperture of 25 inches, 
which at one bound surpasses almost our most sanguine hopes, and restores 
England to the place it held in the optical art in the time of Dollond.] 
We now come to the Reflector, which, as we hare seen, differs from 
the refractor in having a concave mirror to reflect light, instead of an 




Fig. 188.— Newtonuin Reflector 



object-glass to refract it. The mirror requires to be ground and 
polished with the most consummate care and skill, as its si:^ace is not 
spherical, as are those of object-glasses, but parabolic. 

The arrangement of the mirror and the eye-piece is of course different 
from that adopted in the refractor, as the mirror is opaque, and its 




Fig. 189.— Gregorian Reflector. 

concavity must be turned towards the sky. We give three sections of 
reflectors of different constructions as designed by their inventors, 
Newton, Gregory, and Herschel. 

In the first of these instruments (fig. 188) the luminous rays, after 
reflexion from the principal speculum M, are again reflected from a 
smaller one m, inclined at an angle of 45^ in such a manner as to throw 
the beam to the side of the tube, to which is fixed the eye-piece, which 
performs, as we have said, the functions of a magnifier. Thus, in Newton's 
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construction, the observer is placed sideways, at a right angle to the 
direction of the rays which enter the telescope. 

In the Gregorian form (fig. 189) the great speculum is pierced at its 
centre, and the aperture holds a tube containing the eye-piece: the small 
mirror is placed in front of the large one, its reflecting surface opposite to 
it and perfectly parallel. There is, therefore, a double reflexion, as in the 
Newtonian form, but the eye of the observer is directed to the object 
viewed. This double reflexion naturally much enfeebles the light 

The "front-view" reflector, — Herschel's form (fig. 190), — has not 
this disadvantage ; there is but one mirror M, inclined at the bottom of 
the tube in such a manner as to throw the image to the lower edge of 
the end of the tube turned towards the object. This arrangement is 
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Pig. 190.— "Front View" Reflector. 



only good in the case of large specula, because the observer, who is 
compelled to turn his back to the object observed, cuts off part of the 
beam of light by bis head. 

In reflectors, the loss of light by reflexion is much greater than that 
caused by absorption in refractors ; so that with equal apertures the 
illuminating power, and therefore the magnifying power, of reflectors 
are very much less. 

Some years ago a skilful physicist, M. L^on Foucault, who is so well 
known from his delicate experiments on the velocity of light and his 
invention of the gyroscope, suggested the construction of glass mirrors, 
coated with an exceeding thin film of silver, chemically deposited, an 
arrangement which would much reduce the price of telescopes and would 
render their polishing extremely easy. We reproduce here (Plate XXIV.) 
the magnificent instrument he has constructed for the Observatory of 
Paris (it has subsequently been removed to Marseilles). This reflector 
is constructed on the Newtonian principle. 

Among the remarkable reflectors at present in use, we must mention 
'that constructed by the Earl of Eosse, and erected at Parsonstown, in 
Ireland. This colossal instrument is of 60 feet focal length, and the 
mirror is 6 feet in aperture. We have seen what good use the illustrious 
constructor of this instrumental marvel has made of it in discovering 
new nebulae, which had resisted all feebler efforts. The instrument 
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cost £12,000. Plate XXIII. gives, according to the '' Speculum Hart- 
wellianum," views both of the telescope and of the structure which 
supports it and permits its proper handling. 

Now-a-days, when the heavens are explored in all parts by tried 
observers, provided with the most perfect instruments, it becomes more 
and more difficult to add to our knowledge of the physical constitution 
of our system and of the other sidereal systems. While the telescope 
was young, very small instruments were sufficient to secure the most 
glorious discoveries. Gkdileo saw the satellites of Jupiter by means of a 
telescope which magnified seven times ; and never used one which 
magnified more than thirty-two times. Let us add, lest amateurs should 
be discouraged, that a small telescope of less than three inches aperture, 
and with magnifying powers varying from 60 to 300 times, is sufficient 
to enable one to pursue useful investigations. M. Goldschmidt dis- 
covered fourteen minor planets with a telescope such as we have 
described ; and he has seen the satellite of Sirius with it also. 

[We are glad to know that in England the number of medium-sized 
refractors, by which so much good work has been done, is rapidly 
increasing. The illustrious Secchi, we think, has too hastily condemned 
small telescopes ; and — ^bearing in mind the double-star work done by 
the Rev. W. R Dawes with a small telescope, and the maps of ihe Moon 
and Mars we owe to the observations of Beer and Madler, who used a 
smaller instrument still — the increase in the use of even small telescopes 
is a subject for much congratulation. 

In this climate of ours, which by the way is not so bad, astronomi- 
cally speaking, as some Anglophobes would make it, a 6-inch glass is 
doubtless the sise which will be found the most constantly useful ; larger 
apertures being frequently not only useless, but hurtful. Still, 4 or 
3^ inches are apertures by all means to be encouraged ; and by object- 
glasses of these sizes, made of course by the besi makers, views of the 
Sun, Moon, planets, and double stars, may be obtained, sufi&ciently 
striking to set many seriously to work, as amateur observers, and with 
a prospect of doing good, useful work. 

Thus, in the matterof double stars, a telescope of 2 inches aperture, with 

powers varying from 60 to 100, will show the following stars double : — 
Polaris. y Arietis. a G^minoram. 

a Piscium. p Herculis. y Leonia. 

fi Draconis. ^ Uns M^joris. | Cassiopese. 

A 4'incb aperture, powers 80-120, reveals the duplicity of — 
p Ononis. a Lyrse. i Geminorom. 

e Hydrse. { Urs« Midoris. a Cassiopese 

e Bootis. 7 CetL e Draconis. 

t Leonis. 

And a 6-inch, powers 240-300, — 

e Arietis. X Ophiuchi. ( EqauleL 

9 Cy^i. 20 Draconis. j" Hercalis. 

32 Ononis. k Geminorom. 
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The testing of a good glass refers to two di£ferent qualities which it 
should possess. Its quality, as to material and the fineness of its polish, 
should be such that the mayimum of light shall be transmitted. Its 
quality, as to the curves, should be such that the rays passing through 
-every part of its area shall converge absolutely to the same point, with 
a chromatic aberration not' absolutely nU, but sufficient to surround 
objects with a faint, dark-blue light. 

The convenient altitude at which Orion culminates in these latitudes 
renders it particularly eligible for observation ; and during the first 
months of the year, our readers who would test their telescopes will do 
well not to lose the opportunity of trying the progressively difficult tests 
both of illuminating and separating power, afforded by its various double 
and multiple systems, which are collected together in such a circum- 
scribed region of the heavens, that no extensive movement of their 
instruments — an important point in extreme cases — will be necessary. 

Beginning with 3, the upper of the three stars which form the belt, 
the two components will be visible in almost any instrument which may 
be used for seeing them, being of the second and seventh magnitudes, and 
well separated. The companion to p, though of the same magnitude as 
that to 6, is much more difficult to observe, in consequence of its proximity 
to its bright primary, a first-magnitude star. Quaint old Kitchener, in 
his work on telescopes, mentions that the companion to Eigel has been 
seen with an object-glass of 2f-inch aperture ; it should be seen, at all 
events, with a 3-inch. (, the bottom star in the belt, is a capital test both 
of the dividing and space-penetrating powers, as the two bright stars of 
the second and sixth magnitudes, of which the close double is composed, 
are but just over 2^ apart, according to Secchi's last measurements. 
The small star below, which the late Admiral Sm3rth, in his charming 
book, The Celestial Cycle, mentions as a test for his ol3Ject-glass of 5*9 
inches in diameter, is now plainly to be seen in a 3f . The colours of 
this pair have been variously stated, Struve dubbing the sixth magnitude 
— ^which, by the way, was missed altogether by Sir John Herschel — 
« olivaceasubrubicunda." 

That either our modem opticians contrive to admit more light by 
means of a superior polish imparted to the surfaces of the object-glass, 
or that the stars themselves are becoming brighter, is again evidenced by 
the point of light preceding one of the brightest stars in the system com- 
posing or. This little twinkler is now always to be seen in a 3f -inch, 
while the same authority we have before quoted — Admiral, Smyth — 
speaks of it as being of very difficult vision in his instrument of much 
larger dimensions. In this very beautiful compound system there are 
no less than seven principal stars ; and there are several other faint 
ones in the field. The upper very faint companion of A. is a delicate 
test for a 3f -inch, which aperture, however, will readily divide the 
closer double of the principal stars, which are about b^ apart. 

2e 
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These objects, vrith the exception of £ have been given more to test 
the space-penetrating than the dividing power ; the telescope's action on 
5 2 Orienis will at once decide this latter quality. This star, just visible to 
the naked eye on a fine night, to the right of a line joining a and S, is a 
very close double. The components, of the sixth magnitude, are separated 
by less than two seconds of arc, and the glass, which shows a good wkiU- 
black division between them, free from all stray light, the spurious disk 
being perfectly round, and not too large, is by no means to be despised. 

The '^ spurious disk ** which a fixed star presents, as seen in the tele- 
scope, is an efiect which results from the passage of the light through the 
object-glass ; and it is this appearance which necessitates the use of the 
largest apertures in the observation of close double stars, as the size of the 
star's disk varies, roughly speaking, in the inverse ratio of the aperture 
of the object-glass. 

Then, again, we have a capital test-object in the great " Fishmouth " 
nebula, by far the most glorious of its class in the Northern hemisphere, 
and surpassed only by that surrounding the variable star tf Argils in 
the Southern. And although, of course, the beauty and vastness of this 
stupendous and remote nebula increase with the increased power of the 
instrument brought to bear upon it, a large aperture is not needed to 
render it a most impressive and awe-inspiring object to the beholder. In 
an ordinary 5-foot achromatic, many of its detiuls are to be seen under 
favourable atmospheric conditions. Those who are desirous of studying 
its appearance, as seen in the most powerful telescope, are referred to the 
plate in Sir John Herschel's ** Results of Astronomical Observations at 
the Cape of Good Hope," in which all its features are admirably 
delineated, and the positions of 150 stars which surround in the area 
occupied in the nebula laid down. 

This star, to which we wish to call especial attention, is situate (see 
fig. 1 39) opposite the bottom of the *' fauces,*' the name given to the indent- 
ation which gives rise to the appearance of the ^ fish's mouth." This 
object, which, as we have seen, has been designated the 'Hrapezium," from 
the figure formed by its principal components, consists, in fact, of six 
stars, the fifth and sixth (y and a) being excessively faint Our previous 
remark, relative to the increased brightness of the stars, applies here with 
great force ; for the fifth escaped the gaze of the elder Herschel, armed 
with his powerful instruments, and was not discovered till 1826 byStruve, 
who, in his turn, missed the sixth star, which, as well as the fifth, has been 
seen in modem achromatics of such small size as to make all comparison 
with the giant telescopes used by these astronomers ridiculous. 

Sir John Herschel has rated y and d of the twelfth and fourteenth 
magnitudes — the latter requires a high power to observe it, by reason of 
its proximity to a. Both these stars have been seen in an ordinary 5-foot 
achromatic by Cooke, of 3 J- inches aperture, a fact speaking volumes for 
the perfection of surface and polish attained by our modem opticians. 



THE OBSEEVATOBY AT PABIS. 419 

Observations should always be commenced with the lowest power, 
graduallyincreasing it until the limit of the aperture, or of the atmospheric 
condition at the time, is reached: the former being taken as equal to the 
number of hundredths of inches which the diameter of the object-glass 
contains. Thus, a 3f -inch object-glass, if really good, should bear a 
power of 375 on double stars where light is no object, the planets, the 
Moon, etc., will be best observed with a much lower power. 

It is always more or less dangerous to look at the Sun directly with 
a telescope of any aperture above two inches, as the dark glasses, with- 
out which the observer would be at once blinded, are apt to melt and 
crack from the concentrated heat. We must, however, except the cases 
in which a Dawes' solar eye-piece is employed, its smaller field of view, 
and consequently reduced beam admitted to the eye, obviate the objec- 
tions attaching to direct vision. 

A diagonal reflector, however, which reflects an extremely small per- 
centage of light to the eye, and by reason of its prismatic form refracts 
the rest away from the telescope, affords a very handy method of solar 
observation. When this is used, it is possible even to light a cigar at 
the focus, while the Sun is observed in the most satisfactory manner 
by the rays intercepted by the reflector. 

Care should be taken that the object-glass is properly adjusted. This 
may be done by observing the image of a large star out of focus. If the 
light be not equally distributed over the image, or the diffraction rings 
are not circular, the screws of the cell should be carefully loosened, and 
that part of the cell towards which the rings are thrown very gently 
tapped with wood, until perfectly equal illumination is arrived at This, 
however, should only be done at extreme cases ; it is here especially 
desirable that we should let well alone.] 

We will now describe some of the most important work carried on in 
observatories. One of the first rooms we enter, — we suppose ourselves in 
the Paris Observatory, — ^is that in which the meridian instruments are 
placed. Here at once our attention is riveted by telescopes, divided 
circles, and clocks, that is to say, by instruments which amplify our 
vision, measure angles^ and positions, and measure and divide time. 

Three telescopes, of which one is fixed in the centre of a large circle, 
attached to a wall at the end of the room, and of which the nearest is 
the most modem and the most powerful, have all the same allotted task, 
that of showing us with precision the moment at which the stars pass 
through the plane of the meridian, and of measuring their angular dis- 
tances from the zenith, whence their position with regard to the celestial 
equator can be deduced. 

The first instrument is styled a murai cirde, the others are transit 
instruments. 

In all these instruments the telescopes are arranged to turn freely on 
their axes, placed horizontally in a direction east and west, or perpendicu- 
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larly to the pl&ne of the meridun. The axie of each telescope, theiBfore, 
never leaves this plane; and as the daily movement of the Earth brings 
hy tarna all the stars on the meridian, it is always pos- 
sible to observe the exact instant of the transit, or 
\ passage of one of them throngh this plane. To render 
I this observation easy, tlie transit instmments are pTO- 
' Tided with a series of fine spider webs placed at the 
focus ; these are shown in fig. 191. The higher the 
power employed, the more rapidly does the star move 
'■ across the field of view, and the more necessary does it 

become to notice the exact instant at which the star passes behind the 
diR'erent " wires," as they are called, the error of observation being dimin- 
ished by taking the mean of the times of the transits across all of them. 

We see in Plate XXV., by the side of the meridian instruments, two 
astniDomical clocks, regulated to sidereal time, and beating sidereal 
seconds. The noise of the beat is sufficient to enable the observer to 
follow the time ; this he estimates to within a tenth of a second, in such 
a manner as to know most exactly the instant of transit when it takes 
place between two successive beats. 

Visitors will scarcely care to regulate their watches by the time kept 
by these clocks, which, as we have before said, is sidereal, or star time, 
reckoning throughout twenty-four hours, the transit of the first point 
of Aries being the etar-point 

The mnral circle consists of a metallic circle divided into d^rees and 
fractions of a degree, and placed in the meridian. A movable telescope 
attached toitscentreallowsustoobserveastaratthemoment of transit; 
the direction of the telescope shows the angular distance between the 
actual position of the star and the eenith ; hence we can conclude its 
declination, the angular distance of the star from the celestial equator. 

The mural circle, therefore, serves also as a transit circle ; reciprocally 
we now attach divided circles to transit instruments, by means of which 
the zenith distance is measured. The magnificent transits, both on the 
one model with which both Greenwich and Paris are now endowed, 
perform both these important functions. 

From tlie transit-room we must now pass to the d<nne, nnder which 
is placed the large equatorial of 15 inches aperture. 

As the meridian instruments enable us to observe the stars only for a 
few moments as they are passing the meridian, it becomes necessary to 
have large telescopes to follow them through those regions of the 
heavens through which they are carried by the diurnal movement. 

This desideratum is accomplished by means of the equahnal. 

As we see on Plate XX VI„ the telescope is fixed on an axis, on which 
it can move up and down as it were, keeping the same right ascension : 
this axis is attached to another, parallel to the axis of the Earth ; and 
when this last axis is in motion, the telescope can change its right ascen- 
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sion. It is, therefore, also free to move in every direction by a combina- 
tion of these two movements. The other most important parts of this 
instrument are as follows : firstly, the telescope ; then a divided circle, 
at right angles to the declination axis, this measures the declination or 
the angle distance of a star from the celestial pole a second circle at 
right angles to the polar axis, and therefore in the plane of the equsitor, 
which measures right ascension. 

There is also a clock-work movement, which carries the instrument 
in one direction as fast as the diurnal movement of the Earth is carrying 
it in the other. From this it results, that if the telescope be directed 
towards a celestial object, such object can be kept in the field of view for 
hours. This affords a great facility for observations of the planetary 
disks, sun-spots, the heads of comets, etc. 

The equatorial may also be used for determining celestial positions, 
the divided circles, which enable us to find stars and other objects in 
the day-time, being used for this purpose. 

We would gladly have entered into some particulars of the way in 
which the measurement of angles is accomplished, and of the instruments 
used, of the precision at which astronomers have arrived, thanks to the 
ingenious methods and the progress of mechanical and optical art. ^ We 
should then have referred to micrometers, divided circles, heliometers, 
and other instruments employed in observations. But our description of 
the instruments used by astronomers is already long. We must there- 
fore refer to special treatises those who are desirous of entering more 
into detail i|i these matters. Our object will have been sufficiently 
gained if in exciting curiosity we have succeeded in giving the desire to 
study a science so capable of elevating the mind, and of affording it the 
purest and noblest enjoyments. 
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Abbot, F., the nebula sarroundiiig 17 ArgilB, 
caUed by him the " Crooked BiUet," 350. 

Aberration, chromatic, 409, 414. 

Acceleration of the revolation of Encke's 
comet, 247, and note. 

Achemar, 271, 288, 358. 

Achromatic telescopes, 214, 221, 418. 

Adams, Prof., his researches in Innar astro- 
nomy, 141 ; on the extent of the orbit 
of meteors, 169 ; on the irregnlarities in 
the motion of Uranus as explained by 
the existence of a more distant planet, 
232. 

Aerolites, aerosiderites, aerosiderolites, 172. 

Airy, Sir G. B., hia calculation of the 
Moon's angular diameter, 118 ; on the 
time of rotation of Jupiter, 197 n. ; his 
method of solving the problem of the 
Sun's proper motion, 297 ; on the visi- 
bility of the Pleiades with the naked eye, 
315 ; on the transit of Venus for 1882 
as available for correcting the Sun's 
parallax, 400, 404. 

Alcor, 277. 

Alcyone, 815. 

Aldebaran, 271, 279, 285 ; spectrum of, 
331. 

Algol, variation in its brilliancy, 807, 309. 

Altar, 288 ; star-cluster in, 321. 

Andromeda, 285 ; great nebula in, 883, 
342, 343; planetary nebula in, 353, 
354. 59 and 7 Andromedn, the colours 
of; 305. 

Angelina, 188. 

Angle of inclination, 198 n. 

Annular eclipses of the Sun, 151. 

Annular nebulsB, 335, 336. 

Antares, 271, 283. 

Aphelion, 61 n., 106, 108. 

Apogee of moon, 115. 

Aquarius, star-cluster in, 319, 320 ; nebula 
in, 356. 

Arago, M., illustrates the immensity of the 
Sun's volume^ 16 ; on a remarkable 
instance of a solar spot, 80 ; on the 
luminous surface of the Sun, 38 n. ; on 
the polarisation of the Sun's lighl^ 41 ; 



on the intensity of the Sun's luminous 
rays, 50 ; on the colour of the zodiacal 
light, 75 ; on the luminosity of the 
same^ 81 ; on the diameter of the Moon, 
136 ; on the duration of a solar eclipse, 
153 ; on the phenomena of the eclipse 
of July 1842, 159 ; on the brightness of 
the polar zones of Mars, 179 n. ; on the 
atmospheric conditions of Jupiter, 202 ; 
on the form of Uranus, 229 ; on the 
discovery of Neptune, 233 ; on scintil- 
lation of stars, 268 ; on the variation 
of colours in stars, 806 ; on transfor- 
mations in nebulae, 361. References 
to his "Popular Astronomy," 16, et 
passim. 

Archer, 284. 

Arcs, 225, 275, 875. 

Arcturus, 271, 281 ; its distance from the 
Earth, 292 ; its velocity of movement, 
295. 

Areas, Kepler's laws of, 875. 

Argelander, F., on the diameter of Ceres, 
191 ; his catalogue of stars visible in 
the horizon of Berlin, 271 ; on the 
number of stars visible with telescopes, 
273 ; his reductions of the positiona of 
Tycho Brah^'s new star, 311. 

Argo, 288 ; nebulous stars in, 355. 17 Ar- 
g^B, 271> 418 ; the variabUity of, 313 ; 
nebula surrounding, 846, 347, 350. 

Ariel, a satellite of Uranus, 231. 

Arrow, 284. 

Asteroids, their position in the solar sys- 
tem, 186; hypothesis as to their exist- 
ence prior to their discovery, 187 ; their 
orbits and times of revolution round the 
Sun, 189, 190 ; their size, 191 ; their 
dimensions compared with the Earth, 
192 ; their probable number, ib. ; maps 
by which they are discovered, 192-194. 

Astroa, 189. 

Astronomers, why unable to predict the 
approach of comets, 242 ; their classi- 
fication of stars, 270, 271 ; their methods 
and their instruments, 396-423. 

Aatronomical docks, 407. 
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Astronomy, its problems and revelations, 
1, 6, 84, 218, 268, 290, 294, 299, 800, 
399, et passim ; its laws, 871-395. 

Atair, 271, 283. 

Atlas, 315. 

Atmosphere of the Snn and planets, 36, 
61, 90, 98, 155, 181 ; of the stars, and 
the difference in colour effected by, 831, 
332. 

Atmospheric refhustion, 89, 225 ; its effects 
on the appearance of the disks of the 
Sun and Moon, 93. 

Attraction, laws of, 379, 886-391. 

Auriga, 278 ; nebulous stars in, 854. 

Autumn, 105. 

Autumnal equinox, 886. 

Axis of rotation, 100, 104^ 198, 209, 228, 
277, 880. 

Bailt'8 beads, 156, 159. 

** Bane," 888. 

Beer and Madler, on the atmosphere of 
Mercury, 62 ; on the crescent of Mei^ 
cury, 64 ; on the period of the rotation 
of Venus, 70 ; on lunar physics, 144 ; 
on the colour of the snow-zones of Mars, 
179, 181, 182 ; on the rotation, spots, 
and satellites of Jupiter, 197, 202, 207 ; 
small telescope employed by them in 
their researches, 414, 419. 

Bellona, 189. 

Belt of Orion, 417. 

BelU of Jupiter, 201, 202. 

Berenice's Hair, 281, 301, 314, 816; 
nebuln in, 356. 

Berlin Star-maps, 288. 

Bessel, Prot, Zones of, 278 n. ; his mea- 
surement of the distance of the stars 
from the Barth, 291 n. ; suspects the 
existence of a satellite of Sinus, 302. 

Betelgeuse, 271, 279 ; variation iu its 
brilliancy, 807 ; spectrum of, 381. 

Bianchini on the spots on Venus, 70. 

Biela's comet. See Qambart 

Birt, W. R., on the luminous bands of the 
Moon, 182 ; on rilles, 133 ; his lunar 
researches, 147. Notes by, 130, 131, 
185. 

Bode's law as to the suooessive dirtanoes of 
the planets, 186, 187. 

Bolides, or luminous meteors, their nature, 
and telescopic appearance, 171. 

Bonpland, M., on the star-shower of No- 
vember 1799, 165. 

Bond, Prof., W. C, on the divisions of the 
rings of Saturn, 212, 214, 219. 

Bond, Prof., 6. P., on cometary envelopes, 
259 ; on the comet of 1858, ib. ; on 
nebulae, 843, 346, 849, 351. 

Bootes, 281. 



" Bore" in the river Severn, 388. 
Bourbon, Isle of, topographical relief <^, 

130. 
Bouvard, M., suspects the existence of a 

planet beyond Uranus, 232. 
Bradley, Mr., his discovery of nutation, 

388 n. 
Brah^ Tycho, Us discovery of a new star, 

810, 31 1 ; his astronomical disooveiies, 

873, 874. 
Brorsen's comet, 251. 
British Association Catalogue of stars visible 

to the naked eye, 272 n. 
Browning, J., on a change in the colour of 

the equatorial belt of Jupiter, 202 n. 
Bull, the, 277. 

Callisto, 208. 

Cambridge equatorial, 283. 

Cambridge, U.S., refractor, 409. 

Canes Venatid, nebula in, 838. 

Canopus, 271. 

Cape Qouds, 858. 

Capella, 271, 278 ; its distance from the 
Earth, 292 ; its velocity of moyement, 
295. 

Capocd on sun-spots, 81 ; lus observations 
of shooting stars, 165. 

Carrington, R. C, his solar researches, 19, 
28, 28 n. ; his investigations as to the 
nature of sun-spots, 29 ; on a singular 
appearance seen in the Sun in September 
1859, 52. 

Cassini, on the distance of the Sun, 15 n. ; 
his observations of Venus, 70 n^ 74 n. ; 
on the zodiacal light, 79, 80 ; on the 
rotation of Jupiter, 197 n. 

Cassiopea, 277. 4^ CassiopesB, a triple 
sun, 803 ; a Cassiopen, 309. 

Castor and Pollux, 279. 

Celestial Distances, how detennined, 396- 
406. 

Celestial maps, 192. 

Celestial objeda, instruments for obtaining 
magnified imsiges of, 407-409. 

Centaur, 281 ; nebulous stars in, 354. 
a Centauri, 11, 271 ; its distance from 
the Earth, 292 ; is the nearest of all 
the stars, ib. ; its velodty of movement, 
295 ; is a double star, 301. p Centauri, 
271 ; V Centauri, star-duster near, 319. 

Centrifugal force, 28, 879, 893. 

Cepheus, 278. d Ceji^ei, dianges of bright- 
ness in, 307. 

Ceres, 187, 190, 191. 

Cetus, constellation in, 864. 

Chaoomac, M., font the spots and faculs 
on the ,'Sun, 81 ; on the brightness of 
the zodiacal light, 75 n. ; his ecliptic 
charts, 198» 272 n. ; his disooveiy of 
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. eight telesoopio planets, ib. ; his esti- 
mate of the number of stars, 273 n. ; on 
variations in nebuln, 861 n. 

Chaldean shepherds the first astronomers, 
2. 

Charles the Fifth, comet of, 252. 

Charles's Wain, 276 n., 277. 

Ch^eanz's comet, 289. 

Chromosphere, 47. 

Chronometers, 407. 

Circular nebulss, 385. 

Circumpolar stars, northern, 275 n. ; 
southern, 288, 289. 

Clairaut, M., his prediction of the reap- 
pearance of Halley's comet, 248. 

Clark, A., discovers a satellite of Sirius, 
302 ; his powerful refractor, 409. 

Clocks, astronomical, 407. 

Clouds, Great and Little, or Magellanic, 
289. See Magellanic Qouds. 

Clytie, 191. 

" Coal Sack," 827. 

Coggia'a comet, Mr. Huggins' spectroscopic 
examination of, 251. 

Coloured stars, 308-806. 

Cometary nebulse, 837, 338. 

Comet of 1769, 238 ; of 1811, 252, 258 ; 
of 1843, 255 ; of 1862, 255, 256 ; of 
1861, 258. 

Comets, their elongated orbits, 7, 239 ; 
their aspect, 236 ; sometimes tailless, 
ib. ; their heads, nucleus, and tails, 239 ; 
form part of the solar system, ib. ; in- 
clination of their orbits, 240, 241 ; of 
short period, 247-251 ; elements of, 248 ; 
of long period, 251-262 ; their number, 
251 ; their velocity, 252 ; their visibUity 
to the naked eye^ 252-256; their physical 
constitutioD, 256 ; their light, 256, 259 ; 
possibility of the earth coming in contact 
with, 259, 260; their mass, density, 
and light, 260 ; spectroscopic observa- 
tions of, 261, 262. 

Conical nebulse, 337. 

Conjunction, superior and inferior, 57, 176, 
196, 209, 386. 

Constellations, or groups of stars, 4, 274- 
289 ; view of, how effected by change of 
latitude, 275. 

Cooke and Sons, astronomical instruments 
manufactured by them, 410, 418. 

Copernicus, his astronomical discoveries, 
15 n., 22, 878. 

Cornelius (}emma (comet of 1577), 238. 

Corona, 46, 48, 156. 

Corrugations, 32. 

Crab nebula in Taurus, 849. 

''Crooked Billet," the name given to the 
nebula in 17 Argfls, 350. 

Crucis, a and /3, 271. 



Curves described by the planets around the 
Sun, 9. 

Cygnus, nebulous stars in, 854. 61 Cygni, 
the first star whose distance from the 
Earth was determined, 291, 292; its 
velocity, 295 ; is a double star, 801 ; 
distance between the two stars which 
compose it, ib. ; its weight, 802. 

D'Alembxbt, his researches in gravitation, 
888 n. 

D' Arrest, M., on the common origin of the 
minor planets, 186 ; inquiry whether the 
star discovered by him was that seen by 
Tycho Brah^ in 1572, 811, 312; on 
variations in nebulte, 361 n. 

D' Arrest's comet, 248. 

Daubr^e, his collection of meteorites in 
the Natural History Museum of Paris, 
174. 

Davis, Captain, ' measurement of sun- 
spots, 26. 

Dawes, Bev. W. R., his researches in solar 
astronomy, 19, 25, 83, 84, 43; on 
Jupiter and its satellites, 203, 207 n. ; 
on Saturn and its rings, 214, 218 ; the 
small power of his solar eye-piece, 419. 
Note by, 207. 

Day, how produced, 881. 

De La Rue, W., his researches in solar 
physics, 19 ; his labours in astrono- 
mical photography, as applied to the 
Sun, 44 n., 45, 50 ; on the Moon's 
angular diameter, 118; on the origin 
of Rally's beads, 156 ; his drawing of 
Jupiter, 200. 

De La Rue, Stewart, and Loewy, on sun- 
spots, 44 n. 

Denebola, 281. 

Density of planets, 65, 89, 185, 202, 284. 

Derham, Mr., on the brightness of the 
zodiacal light, 75. 

Descartes, his theory of the cause of tides, 
386. 

De Vico^ observations of Venus, 70 n., 
74. 

De Vice's comet, 244. 

Digits, 155. 

Dione, 220. 

Direct movement of comets, 244. 

Disks of stars, 269. 

Diurnal rotation, 225, 274, 277, 286. 

Divided circles, 407, 423. 

Donati's comei 250, 254, 255. 

Doradus, nebula in, 347, 849. 

Dragon, the, 277, 278 ; nebuU in, 862. 

Drummond's oxyhydrogen lamp, 25. 

Dumb-bell nebula, 844, 845. 

Dunkin, E., on the movement of the solar 
system through space, 297* 
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Eabth, its moTemoits of roUtion and 
revolutioii, 8 ; proportion of the force 
of the Snn received hy it, 10 ; its dis- 
tance from the Son, 14 ; its satellite, 
82 ; its appearance as suspended in 
space, ib. ; its spheroidal form, 84, 85 ; 
its dimensions^ 87, 88 ; distribation of 
oceans and continents on its snifisoe, 
88; its Yoliune and weight, 88, 89; 
density of its atmosphere, 89 ; its 
diomal movement, or rotation, 8, 94- 
96 ; its reyolation round the Sun, 
8, 94, 95, 98, ; difference between its 

f sidereal and solar days, 95, 96 ; rapid- 
ity of its rotation varies with latitude, 
97 ; invariability of the position of the 
poles of rotation on its surface, ib. ; 
length of revolution, 98; dimensions 
of its orbit, ib. ; its ydodty of moye- 
ment, ib. ; its seasons, 102-107 ; its cli- 
mate» 100, 106, 107 ; its sones, 100, 107 ; 
its mass, 380 ; its attraction, 888 ; in- 
yestigations into its primitive fluid 
sUte, 392 ; its antiquity, 898 ; its dis- 
tance from the Moon, 398. 

** Earthquake Phenomena," 130 n., 135 n. 

Ebb, 885, 386, 388. 

Eclipses, theory of, 146, 147 ; predsion 
with which they are calculated by astro- 
nomers, 153, 168; of Jupiter's satel- 
Utes, 204 ; of Saturn's satellites, 227. 

Ecliptic, 9, 382. 

Ecliptic charts, 193, 272, 273. 

Egeria, 189. 

EUipse, 240, 878. 

EUipticity of the Earth and other planets, 
85, 197, 208. 

Elongated eUipses of comets, 239. 

Emersions, 204. 

Enceladus, 213, 220. 

Bncke's oomet of short period, 244, 247 ; 
acceleration of its revolution, and its 
probable consequence, 247, and note. 

" Encyclopedia Britannica,*' extracts from, 
49, 50, 367, 368. 

Enydopes of comets, 259. 

Equator, 891. 

Equatorial, great, of Paris, 421. 

Equatorial stars, 275 n. 

Equatorial zone, oonsteUations in the, 
279, 280. 

Equinox, 104. 

Equinoxes, precession of the, 380. 

Equinoxial spring-tides, 886. 

Eridanus, 279. 

Europa, 208. 

Eurydice, 189. 

Excentricity of comets, 241. 

Exchanges, theory of, 42. 

Eye-pieoe, 408. 



Fabbioius, lus discovery of sun-spots, 22. 
Faculs on the surface of the Sun, 31. 
Falling or shooting stars, 8. 
Faye, M., on the researches on the 

fHnges of earth-wayes during edipees, 

160 ; on attraction And repulsion, 247 

n., 259 ; his calculation of the mass of 

Donati*s comet, 260. 
Fish-mouth nebula, 349; a good test 

object for star-observers, 418. 
" Fixed stars," the term now abandoned, 4, 

269, 274, 294. 
Flattening at the poles of planets, 892. 
Flint of object-glasses, 409. 
Flood-tides, 385, 886. 
Flora, 189. 
Flow, 388. 
Foci, 374. 
Fomalhaut, 271. 
Foucault, M. Leon, his silyer-on-glass 

reflector, 412, 413. 
Frankland, Dr., lus researches into the 

nature of light, 42 n. ; on the past 

history of the Moon, 141. 
Fraunhofer, the first to apply Kirchhoif s 

law to the stars, 330. 
Freia, 189. 

Frigid or dicumpolar zone, 107. 
'* Front-view " reflector (Herschel^s form), 

413. 



Oalaxt. See Milky Way. 

Galileo disooyers the phases of Venus, 
67 n. ; on the telescopic aspect of 
Saturn, 213 ; his discovery of the law 
of grayity, 372, 373, 378. 

Galle, Dr., diMOvers Neptune in the place 
indicated by theory, 283. 

Gambart's or Biela's comet, 247 ; its 
diyision into two, 248. 

Ganymede, 203. 

Gauges of the heavens. Sir W. Hersohel's, 
364. 

Ckurisankar of the Himalayas, 65. 

Gemini, nebulous stars in, 355. 

Geology, its teachings, 392. 

Giraffe, the, 278. 

Goldschmidt, M., his observations and 
discoyery of minor planets, 190 ; of a 
companion of Sirius, 302 n. ; his tele- 
scope one of small power, 414. 

Graniides or granulations, 32. 

Gravitation, the uniyenal law of, S80 ; 
elliptidty of orbits caused by, 888 ; 
the cause of tides, 388. 

Gravity on the surface of the Earth, 377 ; 
law of the diminution of the force o^ 
with increased distance^ 879; effect of 
the Earth's on the Moon, 379, 380. 
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Great Bear, 276 ; its body, tail, and 

pointers, ib. 
Great Dog, 279. 
Gregorian reflector, 410. 
Gruithuisen, 135 n., 142. 
Gyroscope, 418. 

Hallet, his method of observing the tran- 
sits of Venns, 401 n. ; on utilising the 
transits of Venns to determine the Sun's 
parallax, 404 n. 

Halley's comet, 243 ; its return in 1759 
and 1835, ib. 

Hansen, M., on the Sun's parallax, 14 n. ; 
on the conditions of the invisible side of 
the Moon, 141 ; suspects a more distant 
planet than Uranus, 282. 

Huding, Mr., his drawings of the Pleiades 
and Uyades, 314, 816. 

Harkness, Mr., on the spectrum of the 
sun's corona, 49. 

Heat, laws of, the same as those of light, 
60, 61. 

Heavens, wonders of the, 1, 268, 274 ; 
structure of, 364. 

Heights, measurement of^ 401, 402. 

Heis, M., of Munster, 75 n., 76 n. ; his 
powers of sight, 271 n. 

Heliocentric longitude, 178. 

Heliometers, 423. 

Helmholtz, his theory as to the distribution 
of heat, 52 n., 98. 

Henderson, Prof., on the parallax of the 
stars, 291 n. 

"Hencoop," 315. 

Hercules, supposed movement of the solar 
system to a point in, 296 ; nebula in, 
363. 17 and ^ Herculis, star-cluster in, 
819. 

Herschel, Sir W., on solar physics, 26, 32, 
50, 51 ; on the diameter of Ceres, 191 ; 
on the time of rotation of Jupiter, 197 
n. ; on the relative brightness of Jupiter's 
satellites, 207 ; discovers two satellites 
of Saturn, 213 ; on the rings of Saturn, 
216 ; discovers Uranus, 227 ; his 20- 
feet-reflector, 273 ; his views of the 
structure and dimensions of the Milky 
Way, 364, 366 ; his gauges of the 
heavens, 364. 

Herschel, Sir John, on the distance of the 
Earth from the Sun, 15 n. ; his experi- 
ments on light, 25 ; on the structure of 
the Sun, 34, 51 ; on Mars, 177 ; on the 
discovery of Neptune, 233 ; on a group 
of coloui'ed stars in the Southern Cross, 
305 ; on nebuls, 335-339, 343, 344, 
847, 350, 353, 354, 855 ; on the Magel- 
lanic Clouds, 859, 360 ; on telescopic 
stars, 418. 



Herschel, Alex., researches into the height, 
weight, and velocity of shooting stars, 
170. 

Herschel, Lieut., on the spectrum of the 
Sun's prominences, 46. 

Herschelian reflector, 418. 

Hesperides, 815 n. 

Hevelius, 15 n. 

High-water, 385. 

Hind, J. R, on the colour of variable 
stars, 309. 

Hippaichus, the precession of the equi- 
noxes discovered by him, 142 n., 382. 

Hodgson, R., on a curious appearance seen 
in the Sun, 52. 

Horizon, 275. 

Huggins, Dr., his analysis by the spectrum 
of sun-spots, 45, 47 ; of Tempel's comet, 
170 ; of comets, 261 ; of nebula, 362. 

Huggins and Miller, on the spectrum of a 
star in Corona Borealis, 312. 

Humboldt, Baron, on the Sun*s influence 
on the Earth, 53 ; on the zodiacal light, 
75, 80 ; on the structure of the Moon, 
135, 138 ; on the number and height of 
shooting stars, 165, 170 ; on the a^ence 
of scintillation of stars in tropical re- 
gions, 268 ; on the visibility of stars, 
272 ; on changes to be eflected by the 
Sun's motion through space, 297 ; on 
the trapezium of Orion, 299 ; on the 
Milky Way, 328; on the Magellanic 
Clouds, 359, 860. 

Hnyghens, his explanation of the rings of 
Saturn, 213, 216 ; his discovery of the 
great nebula in B Ononis, 838 n. 

Hyperbola, 241. 

Hyades, 279, 815. 

Hydrogen, absence of, in some stars, 881. 

Hyperion, 220. 

Ideal views of the phases of Saturn, 228, 

224, 225, 226. 
n Signor Astone (Comet of 1500), 252. 
Immersion, 204. 
Inaccessible points, how to measure the 

distance of, 396-401. 
Incandescence, 38 ; of the primitive Earth, 

392. 
Incandescent gas, 44. 
lo, 203. 
Irradiation, 69. 

Janssen, M., his spectroscopic observations 
during the eclipse of August 1868, 46 ; 
succeeds in seeing the solar prominences 
when the Sun is not eclipsed, 49. 

Japetus, 220. 

Jones, Mr., on the zodiacal light, 75 n., 
76 n. 
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Jordano Bruno, on the movement of rota- 
tion of the Sun, 22. 

Jnn(^ 190. 

Jupiter, the largest of the planets, 195 ; 
its distance from the Earth and Sun, 
195, 196 ; its orbit, 196 ; its real and 

^ apparent dimensions, ib. ; its dimension 
compared with that of the Earth, 197 ; 
its ellipticity, ib. ; its movement of 
rotation, 197, 198 ; its days and nights, 
199 ; its years and seasons, 198, 200 ; 
its physical constitution, ib. ; its dark 
and light belts, 201 ; its mass and 
density, 202 ; its atmosphere, ib. ; its 
four satellites or moons, 195, 208, 
eclipses of its satellites, 205, 206 ; ele- 
ments of its satellites, 206 ; dimensions, 
volume, and brightness of its satellites, 
206, 207. 

Eaibkr, on the day of Mars, 184 n. 

Kepler, his laws of the universe, 8, 208 n. 
247 n., 375, 399, 400 ; on the distance 
of the Sun from the Earth, 15 n. ; on 
the rotation of the Sun, 22 ; suspects 
the existence of a planet between Mars 
and Jupiter, 186 ; on the infinite num- 
ber of comets, 251. 

Kitchener, Mr., on the visibility of the 
companion of Rigel, 417. 

Kirchhoff, M., his hypothesis of the phy- 
sical constitution of the Sun, 41, 330. 

Knott and Baxendell, their observations of 
variable stars, 309 n. 

Lacaills, M., on the distance of the Sun 
ftt>m the Earth, 15 n. 

Lalande, M., on the derivation of the word 
"Pleiades," 315 n. 

Lambert, M., his calculation of the number 
of comets, 251 n. ; on the possibility of 
a comet coming in contact with the 
Earth, 259, 260. 

Laplace, M., his hyxx>thesis of the origin 
of the solar system, 66, 893-395 ; on 
the invisible portion of the Moon, 144 ; 
on the distribution of Saturn's rings, 
216, 394 ; on graviUtion, 383. 

Lassell, W., his Satnmian discoveries, 214 ; 
re-discovery of the satellites of Uranus, 
230 n. ; discovers a seventh star in 
Ononis, 299. 

Laussedat, M., on a singular phenomenon 
in the total solar eclipse in 1860, 137, 
155 ; on the effect of a total eclipse on 
planU, 160. 

Laussedat and Mannheim, MM., on fringes 
of light in solar eclipses, 160 n. 

Lespiault, M., on the dimensions of aste- 
roids, 191. 



Le Verrier, M., on the Sun's parallax, 
12 n. ; on the identity of the orbit of the 
November meteors and that of Tempel's 
comet, 170 ; on the possible number of 
the minor planets, 192 ; the discovery 
of Neptune through his observatioiis of 
the perturbations of Uranus, 232. 
Liapounov, M., observations on the possible 
changes in the great nebula in Orion, 
346, 349 n. 
Libration, 121. 
Limbs of the Sun, 20. 
Light, velocity of, 15. 
Light-curve, 309 n. 

Lindsay, Lord« his photographic views, 
obtained during the Sun's eclipse, 49, 
50. 
Lion, the, 271, 280, 281 ; spiral nebula in, 
841, 344. /a Leonis, the radiant point 
of the November meteors, 166, 167. 
Lion's Heart, 281. 
Little Bear, 277. 
Little Dog, 279. 

Lockyer, J. N., sun-spots observed by 
him, 33 ; his spectroscopic observations 
of the prominences of the Sun, 46, 47 ; 
his observations of Mara, 180 ; his 
observations of Titan, 227. Insertions 
and annotations throughout the work. 
Lohrman, M., his researches in Innar 

astronomy, 135 n. 
Luminous bands, 182. 
Lunar astronomy, 146. 
Lunar cratera and mountains, 130-133. 
Lunar eclipses, conditions of possibility 
and visibility, 160, 161 ; partial and 
total, 161, 162 ; penumbnO, 162 n. ; 
colour of the disk during, 162, 163 ; 
Sun and Moon sometimes both visible 
in, 163 ; periodicity of, ib. ; accurate 
calculations of, 163, 164. 
Lunar month, or lunation, 113, 114. 
Lunar parallax, 398. 
Lunar phases, 384. 
Lunar topography, 134. 
Luni-solar action on tides, 890. 
Lynx, the, 278. 

Lyre, 288 ; nebula in, 336. a Lyne, its 
distance from the Earth, 291. 

Madler, on the flattening of the x>ole8 of 
Uranus, 228. See Beer and Madler. 

Magellanic Clouds, their position in the 
southern sky, 289, 357, 358 ; their di- 
vision into Qreat and Small Clouds, 357 ; 
their apparent dimensions and physical 
structure, 357-360. 

M^or axis, 873. 

Magnifiers, 407. 

Mairan, M., 75, 79, 80. 
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Mallet, Mr., on the surface of the Earth, 
130 n., 185 n. 

Man, power of, 1. 

Marius Simon, his observations of the great 
nebula in Andromeda, 333 n. 

Mars, the first of the exterior planets, 175; 
its movement round the Sun, 175, 176 ; 
its orbit and pliases, 176, 177, 178 ; 
in opposition, 176 ; its gibbous appear- 
ance, 177 ; its distance from the Eai-th, 
ib. ; its rate of motion, 178 ; its apparent 
and real diameters, ib.; its surface, 179; 
its mass, ib. ; its physical constitution, 
ib. ; its reddish appearance, ib. ; its 
snow-zones, 179, 182 ; its rotation and 
atmosphere, 180 ; theories as to its 
colour, 181, 182 ; its temperature and 
meteorology, 183, 184 ; its days, years, 
and axis of rotation, 184, 185 ; its 
seasons, .185 ; its form, density, and 
mass, ib. ; its force of gravity, ib. 

Maskelyne, Dr., his classification of 
meteorites, 172. 

Mass of planets, 65, 185, 202, 209, 380 ; 
of the Sun, 263, 380. 

Massilia, 188. 

Maupertuis, on the effect of a possible con- 
tact of a comet with the Earth, 259, 
260 ; his hypothesis that all suns are 
not spheres, 308 n. 

Maximiliana, 188, 189. 

Marwell, J. C, on the nature of the rings 
of Saturn, 216. 

Mayer, M., 98, 142 n. 

Mean level of the sea, 387. 

Mean time, 96. 

Measurement of distances of inaccessible 
objects, 400, et seq. 

Mercury, transits of, 25 ; the nearest 
planet to the Sun, 55 ; considered by 
the ancients to be two distinct stars, 
ib. ; its apparent movement, ib. ; its 
phases, 56 ; length of its revolution 
round the Sun, 58 ; its elliptic orbit, 
ib. ; its distance from the Sun and 
Earth, ib. ; its velocity, ib. ; its form 
and its dimensions, 58, 59 ; its transit 
across the Sun's disk, 59, 60 ; its in- 
tensity of light and heat, 61; its elongated 
orbit, ib. ; its atmosphere, 61, 62 ; 
length of its day and night, 62, 63 ; its 
seasons and climate, 63 ; its equatorial 
belts, 64 ; its mountains and volcanoes, 
64, 65 ; its mass and density, 65 ; force 
of its gravity, ib. 

Meridian, 95 u. 

Mexico, extensive crevasse in, 185 n. 

Merz, excellence of the astronomical in- 
struments manufactured at, 409, 410. 

Meteoric lings, the 165-175. 



Meteoric iron, masses of, 173. 

Meteors, their position in the solar system, 
8 ; sporadic, 164 (see Shooting stars) ; 
luminous (see Bolides), 171. 

Meteorites, 8 ; theory as to their function 
in the continuance of solar heat, 52 n ; 
classification of, 172 ; microscopical ex- 
amination of, and result, 172,' 173 ; 
collection of, in museums, 173, 174. 

Micrometers, 11, 405, 423. 

Milky Way, its general aspect, 2, 3, 273, 
317, 322, 327 ; charts of, 317 ; its course 
through the northern and southern 
constellations, 322-327, 364; its re- 
solvability into stars and star-clusters, 
828 ; some portions of it unfathomable, 
ib. ; the position of the solar system in 
it, 3, 364, 365 ; its dimensions, 366. 

Miller and Huggins, their labours in 
spectrum analysis, 331. See Huggins. 

Mimas, 213, 220. 

Mira Ceti (o Ceti), 285 ; periodical varia- 
tion in its brilliancy, 306, 807. 

Mirrors, 410 ; Herschel's, ib. ; Foucault's, 
413. 

Mitscherlich, M., his experiments on the 
metallic vapours on the solar surface, 
40, 41 n. 

Moon, its phases, 109, 110, 111, 118, 145, 
146 ; its movement roimd the Earth, 
114 ; length of lunation, ib. ; its distance 
from the earth, 116, 896-398 ; its di- 
mensions, 117, 118; its angular diameter, 
117, 118 ; its rotation, 120 ; its aspect 
to the naked eye, 121 ; its maria, or 
seas, 122, 125 ; its mountains and 
mountain-chains, 125, 126-129 ; volcanic 
character of its mountains, 126, 127 ; 
its walled plains and craters, 131-134 ; 
its luminous bands, 132 ; its rilles, 132, 
135 ; absence of air and water on its 
surface, 136 ; the presence of an atmo- 
sphere doubtful, 136, 137 ; its past 
history, 141 ; hypothesis of its having 
passed through a glacial epoch, 141, 
142; its climate, 142, 143; its days, 
nights, and seasons, 143, 145 ; its libra- 
tion, 143, 144 ; extent of the visible and 
invisible portions of it, 144 ; question 
as to the existence of living and organised 
beings on its surface, 144 ; the Earth as 
seen from it, 145 ; path of its shadow 
on the Earth, 152, 153 ; its effects on 
tides, 388. 

Moons, number of, revolving round the 
principal planets, 7. 

Mountains, lunar, 126, 131. 

Movement the common law of all bodies, 
294. 

Mural circles, 419. 
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Kadib, 888. 

Vasmyth, Mr., his comparison of the pores 
in the surface of the Son to willow- 
leaves, 38 ; his drawings of the moon- 
tains of the Moon, 127, 128 ; on the 
luminoos bands, 182. 

Navigators, utility to, of the calcnlations 
of occnltations of stars, 164. 

Neap-tides, 88«. 

Nebnln, 8, 286 n., 816 ; their vast num- 
ber, 838 ; their distribution in the starry 
vault, 884 ; their forms : circular, ellip- 
tical, and annular, 885, 886 ; conical or 
cometary, 887; spiral, 889, 840; of 
irregular form, 842; Dumb-bell, 843, 
844, 845 ; planetary, 858-856 ; intensity 
of tiieir light, 858 ; their physical con- 
stitution, 859-868 ; spectroscopic obser- 
vations of, 862 ; are said to be enormous 
gaseous systems, 868. 

Nebulae, double, 856, 857. 

Nebulae, multiple, 856, 857 ; in the Great 
Magellanic Cloud, 857. 

Nebulous stars, 354, 855. 

Neptune, history of its discovery, 232 ; its 
orbit and velocity, 238 ; its distance 
from the Earth, ib. ; its apparent and 
real dimensions, ib. ; its satellite, 284 ; 
its volume, density, and force of gravity, 
ib. 

Newton, Mr., researches into the number 
of meteors, 166. 

Newton, Sir Isaac, his theory of gravita- 
tion, 878, 879, 380, 884. 

Newtonian reflector, 410. 

Noble, Capt., sun-spot with faculn, 82. 

Nodes, ascending and descending, 149. 

Northern Corona, 281. 

Nubecula, Major and Minor. See Magel- 
lanic Clouds. 

Nucleus of comets, 286 ; of the Sun, 24, 
86. 

NuUtion, 882 ; effect of, 883, 884. 

Oberon, 281. 

Object-glass, 408. 

Observatories, their instruments, 407. 

Occultations of stars, 164. 

Olbers, Dr., discovers Pallas and Vesta, 

187. 
Olbers' comet, 251. 
Ophiuchus, 281. 

Opposition, 163, 177, 196, 209, 886. 
Orbits of planets, 8, 9, et passim. 
Orion, 277, 280 ; trapezium of, 299 ; 52 

Ononis an eligible test-star for observers, 

417. a Ononis, spectrum of, 881 ; 

Ononis, great nebula in, 8, 888 n., 

350, 351, 418, 
Oval nebuls, 885. 



Pallas, 187, 191. 

Parabola, 240. 

Parallax of the Sun, how detennined, 897 ; 
of the stars, 405. 

Paris Observatory, 419, 421. 

Pastorif, M., on sun-spots, 29, 80. 

Pegasus, spiral nebula in, 841. /3 Pegasi, 
spectrum of, 831. 

Penumbra, 24, 83, 87, 147, 161, 162. 

Perigee of Moon, 115. 

Perihelion, 61 n., 66, 178. 

Perseus, 278; nebula in, 354, 862. y 
Persei, the radiant point of the meteozi 
in August, 166, 167. 

Perturbations of planets, 232, 384 

Peters, M., on the identity of the orbit of 
the meteors with that of Tempel's oomet, 
169, 170; on the parallax of stars, 
291 n. ; on the orbit of the unknown 
satellite of Siiius, 802. 

Petit, M., 88 n., 172. 

Phillips, Prof., on faculs in the Sun's 
surface, 31 ; on the height of the pe- 
numbra, 88 n ; on the possible snow- 
zones in Venus^ 74 ; on the meteoTol<^ 
of Mars, 184. 

Photography, solar, 82 ; results from, in 
the observation of eclipses, 59, 40 ; 
lunar, 117. 

Photosphere, 86. 

Piazzi, his discovery of Ceres, 187. 

Pierce, on the rings of Saturn, 216. 

"Pilgrim,'' the temporary star of 1572, 
311. 

Pisces, planetaiy nebula in, 858 ; con- 
stellation in, 864. 

Plane-curve, 878. 

Phme of the ecliptic, 9, 882; of the 
Moon's orbit, 150. 

Planets, movements of^ 4, 5, 54, 280 ; 
their velocity, 5 ; their number, 7 ; 
their division into smaller, larger, minor, 
7, 186 ; form, 8 ; direction of move- 
ments of rotation and revolution, ih. ; 
inclination of the planes of their orbits, 
9 ; diversities of their condition, 108 ; 
occultations of, 164 ; exterior or superior, 
and inferior, 175 ; telescopic, 186 ; 
ultra-zodiacal, 188 n. ; elements of 
their orbits, 874, 875 ; Laplace's theory 
respecting, 892-396. 

Planetary perturbations, law of^ 282, 
384. 

Planetary system. See Solar System. 

Plateau, M., physical experiments by, 894, 
895 n. 

Pleiades, 279 ; supposed to be the centre 
of the movement of the solar system, 
297 ; a star^group, 314 ; number of 
stars visible in it to the naked eye, 
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81 4, 816 ; names of the principal stars, 
815 ; called by the ancients Hesperides 
and Atlantides, 815 n. 

Pole-star, 276, 277 ; how affected hy the 
precession of the equinoxes, 882 ; not 
always the same star, ib. 

Polaris, its distance from the earth, 292 ; 
its velocity through space, 295. 

Polarisation of light, 41. 

Polarisoope, 88 n. 

Pollux, 271. 

Polyhymnia, orbit of, 241. 

Pons's comet, 248. 

Pores, or luminous masses on the surface 
of the Sun, 82. 

Poulin, M., on fringes of light in solar 
eclipses, 160 n. 

Prtesepe, 815. 

Precession of the equinoxes, 882. 

Primitive state of the planets, 197, 894. 

Prism, its teachings as to the nature of 
a beam of light, 829. 

Proctor, R A., on the day of Mars, 184 n. ; 
on the inclination of the axis of Sa- 
turn's orbit, 210 ; hypothesis of the con- 
stitution of the mass of Saturn, 216 ; 
on the frequent occurrence of eclipses 
in Saturn, 224, 225 ; on the condi- 
tions of habitability of Saturn, 225 ; 
on recent measurements of stars, 292 ; 
his views of star-drift confirmed by 
the spectrum, 298 ; on the present 
state of sidereal astronomy, 867, 868. 
Insertions and annotations, passim. 

Procyon, 271, 281. 

Prominences visible without there being 
a solar eclipse, 46-49 ; seen during 
solar eclipses, 155, 156 ; their shape 
and height, 156. 

Ptolemy, crater of, 129. 

QVADBATUBES, tides of the, 886. 

Radiaut points of the meteors, 166-168. 

Badii vectores, 878. 

Bam, the, 279. 

Rays, 829. 

Reflectors, 278, 407, 410-414. 

Refraction, 168. 

Refractors, 273, 407, 408 ; Alvan Clark's, 
409 ; Cooke and Sons', ib. 

Regulus, 271. 

Respighi, results of his researches into 
the nature of solar prominences, 48. 

Retrograde movement of comets, 241. 

Revolution, movement of, in bodies con- 
stituting the solar system, 8, 9. 

Rhea, 221. 

Rigel, 271 ; visibility of companion of, 417, 

Rillea, 180, }84, 185. 



Rice-grains, 82. 

Rings of Saturn, their discovery, 218 ; 
explanation of the theory of, ilK ; the 
division of the^ 218, 216 ; their dimen- 
sions, 216 ; hypotheses as to their con- 
stitution, 218, 219, 894 ; their disap- 
pearance, 220 ; eclipses caused by, 224, 
225, 894, 895. 

Roficoe, Prof., on the variations of in- 
tensity of the Sun's chemical rays, 50. 

Rosse, Lord, his magnificent telescope, 
870, 418 ; its revelations in nebular 
astronomy, 386, 887, 889, 840, 841, 
845, 349, 854, 855. 

Rotation of bodies constituting the solar 
system, 8, 9. 

Sabinb, Migor-General, his researohes 
into terrestrial magnetism, 52. 

Satellites, or tertiary bodies, theory as 
to their origin, 894. See Moons and 
Planets. 

Saturn, its unique planetary appearance, 
207 ; its distance from the Sun and 
Earth, 208 ; its ellipticity, 208, 209 ; 
its velocity, ib. ; its mass and volume, 
209, 210 ; its movements of rotation 
and revolution, 210 ; its days, nights, 
and seasons, 210, 211, 212; its rings 
and their rotation, 211, 218 ; its lumi- 
nous points, 219 ; its satellites, 220, 
226 ; celestial phenomena as seen from, 
222, 228; its atmosphere, 222; its 
frequent eclipses, 224, 225. 

Schiaparelli, M., on the identity of the 
orbit of meteors with that of Tempel's 
comet, 168, 169. 

Sclimidt, Dr., his labours in lunar as- 
tronomy, 135 n., 146 n. ; on the tele- 
scopic appearance of a luminous meteor, 
172. 

Schroter, his measurement of a sun- 
spot, 26 ; on the crescent of Meroury, 
64, 65 ; on the time of rotation of 
Venus, 70 n. ; on the craters of the 
Moon, 185 n. 

Schwabe, of Dessau, on the connection 
between terrestrial magnetism and sun- 
spots, 19, 52. 

Scorpio, 281 ; starssluster in, 821. 

Sea, density of, 891. 

Seasons, 105. 

Secchi, Father, his spectroecopical in- 
vestigations into the naturo of sun- 
spots, 42, 51 ; on the companion of 
Sirius, 802 ; on the change of form of 
the great nebula in Orion, 850. 

Serpent, the, 281. 

Shooting-stars, theories as to their cos- 
mical nature, 164, 166, 167 ; numbers 
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of, TarUUe tooording to time of year, 
164, 165; whjeaUed "St Lawraioe's 
Uun,** 165 ; rsmaikable ditpUys of 
them, 165, 166 ; their briUiancy end 
ooloiir, 166 ; their Tadient points, 166, 
167 ; the period of their orbit, 168, 
169 ; their orbit identified with thet of 
Tempel's comet, 169; their heights, 
time of flight, Telocity, and weight, 170. 

Sidereal astronomy, pr e se n t state of, 867, 
868. 

Sidereal diromntlcs, 808, 804. 

Sidereal hoor and day, 95. 

Sidereal revolation, 58 n. 

Sidereal system, variety of its slrucluxe, 
868. 

Sirios, 269, 271, 292, 298, 295 ; discovery 
of a satellite of^ 803 ; changes in its 
colour, 805. 

Smyth, Admiial 74, 128, 257, 417. 

Sobieski's shield, nebula in, 845. 

Solar atmosphere,' metallio vapours with 
which it is charged, 40. 

Solar cnnents end cyclones, 88, 42, 
48. 

Solar eclipses, total, partial, and amralar, 
150 ; when visible and when invisible^ 
at certain places, 150, 151 ; of July 18, 
1860, 158 ; importance to the astrono- 
mers of total, 154, 155 ; Baily*s beads, 
155 ; corona, 156 ; prominences, 156, 
157 ; colour of terrestrial objects during, 
157 ; their inflnenoe on animals and 
vegetables, 157-160. 

Solar heat, intensity of, 14, 51, 52 ; in 
what manner affected by snn-spots, 
52 ; theory as to its permanence, ib. 

Solar light, theories respeetiog, 14, 51. 

Solar paraUaz, 14 n., 899-405. 

Solar prominences observed daring eclipses, 
46-48 ; spectroeoopio analysis of, 47 ; 
visibility of, withont there being an 
eclipse, 47. 

Solar spectrum, 48. 

Solar spots, variations in their nnmber, 
form, and relative position, 19-26; 
observers of, 19 ; prove the move- 
ment of rotation of the Son, 23, 24 ; 
their umbra and penumbrts, 24, 25 ; 
their Inminons bridges, 25 ; their di- 
mensions, 26 ; their proper motion, 29, 
43, 44 ; changes in their form, 30, 43 ; 
explanation of, by Wilson, 86, 37. 

Solar system, its structure^ 4 ; move- 
ment through space, 5, 295, 296; 
bodies constituting tfae^ 7, 8 ; move- 
ments of rotation and revolution, 8 ; 
laws governing the, 93 ; general sur- 
vey of, 262, 263 ; point to which it is 
travelling through space^ 296, 297; 



Laplace's theory of the origin oi^ 898 ; 
originally a nebula, 894. 

Solar tides, 889, 890. 

Solar time, 95, 96. 

Solstices, 105, 886. 

Sound, rate at which it travela, 15, 16. 

Southern Cross, 287 ; starcluster in, 822. 

Southern sone^ constellatiana in the^ 282; 
287. 

Spectroscope, experiments with ih% 40. 

l^>ectram analysis, its teachings as to tiia 
physical constitution of the Son, planets, 
and nebula, 40, 829-882. 

Speculum, 408. 

Spencer, H., his hypothesis of the phyricsl 
constitution of tito Sun, 42, 44, 45. 

Spies, 271, 281. 

Spider " wires," 420. 

Spiral nebulai, 889-841. 

Spring, 105. 

Spring-tides, 885. 

StarKdusters, globular and spherical fbrm 
of, 318; immense number of etan 
contained in them, 818-322. 

Sta^groups, 314-817. 

Stars, their glory and beauty, 2 ; their 
distribution in the firmament, ibi ; 
fixed (so called), 4, 269 ; wandering 
4, 269 ; clusters of, 4 ; falling or shoot- 
ing, 8, 164 ; occultation of, 164 ; their 
scintiUation, 268 ; the dimensions of 
their diameters not appreciable, 269 ; 
how distinguished from planets, ib. ; 
degrees of their brightness, 269, 270 ; 
apparent fixity of their relative die- 
tanoes, 269 ; their division into magni- 
tudes, 270 ; number of, visible to the 
naked eye, 271 ; approximate number 
of, visible by telescopes, 273 ; are suns 
and centres of systems, 290, 298 ; 
their distances fh>m the Earth, 129; 
are not immovable in space, 294 ; 
measure of their proper motions, 294, 
295 ; change in colour, 305 ; their 
chemical constitution, 328-381. 

Stars, double or binary, 298-301 ; mul- 
tiple, 302, 303; coloured, 303-806; 
variable, 306-810 ; temporary, new, and 
lost, 310-813. 

Stellar parallax, 405. 

Stewart, B., his hypothesis as to the varia- 
tion of brilliancy in stsrs, 808. Note 
by, 44. 

Stone, E. J., observations of Mars, 12 n.. 

Stratification, presence of, in the lunar 
mountsins, 129. 

Strove, 0., his researches in Uranus, 
228 ; on the parallax of stars, 291 n. ; 
on the changes in the nebula of. OnoUf 
850. 
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Straye, F., on the colours of the donble 
and multiple stars, 804 ; on the motion 
of donble stars ronnd on axis of rota- 
tion, 809. 

Stnrm, J. C, his oomet of 1680, 289. 

Summer, 105. 

Sun, the, a star in the Milky Way, 3; 
the centre and source of the solar 
system, 7, 10, 58, 54, 55 ; bodies re- 
volving round it, 7, 8 ; its form, 11 ; 
Intensity of its Ught and heat, 11, 60, 
61 ; its apparent dimensions, 12, 18 ; 
its distance from the Earth, 14, 16 ; 
its surface and volume, 16, 17 ; its 
weight, 18 ; observations of its sur- 
face, 19 ; its spots (see Solar spots) ; 
19-84 ; its movement of rotation and 
revolution, 22 j theories as to the con- 
stitution of ^ surface, 28, 86, 50 ; its 
currents, 28, 24 ; faculse, 82 ; pores, 
82, 88 ; prominences seen during 
eclipses of, 48, 46 ; its chromosphere, 
47 ; intensity of its light and its 
habitability, 52 ; its distences calcu- 
lated from observations of transits of 
Venus, 72 ; comparative dimensions 
of it, the planets, and their satellites, 
268 ; its mass, 268, 878 ; elements in 
the, 881 n. ; hypothesis as to its pri- 
mitive stote, 898. 

Sunbeam, analysis of, 829. 

Syzygies, tides of the, 149, 886. 

Tails of comets, 286, 289, 261. 

Taurus, nebula in, 845, 861. 

Telescopes, 11, 218, 270, 278 ; their illu- 
minating and magnifying powers, 407- 
409 ; test^tars for trying the powers 
of, 414, 415, 418 ; directions for using, 
418, 419. 

Tempel's comet, its orbit identifled with 
that of the meteors, 169 ; its elements, 
251. 

Temperate zone, 107. 

Temperature of the Earth's strata, 81. 

Temporary star of 1604, 812. 

Tennant, M igor, on the eclipse of August 
1868, 46 ; his photographic views of 
the sun's corona, 50. 

Terminator, 62, 125. 

Terrestrial magnetism, 19, 51, 52. 

Test-stars for telescopes, 415, 418. 

Tethys, 220. 

Theodolite, 896. 

Thomson, Prof., on the permanence of the 
solar heat, 52. 

Tides, produced by the law of gravitation, 
384-891 ; their inequality in diiferent 
seas and oceans, 387. 

Titania, 231. 



Titius, his formnl« as to the distance of 
planets, 186, 187. 

Torrid zone, 107. 

Toucan, star^uster in, 820, 821, 859. 

Transit instruments, 419, 420. 

Transits of Venus of 1761 and 1769, the 
Sun's parallax deduced from, 78; of 
1874 and 1882, 400, 402, 408. 

Triangulation, method of; to determine 
distances, 403 n. 

Twilight, 90. 

Twins, 278 ; star-duster in, 820 (frontis- 
piece). 

Uhbba, lunar, 149, 161. 

UmbnB in sun-spots, 24. 

Umbriel, 281. 

Universe, the, structure of, 2, 8 ; its in- 
finity, 8, 298, 364-868. 

Uranus, its discovery by Sir W. Hcr- 
schel, 185, 227; its elliptical orbit, 
and time of revolution round the Sun, 
228 ; its distance from the Sun and 
Earth, ib. ; its apparent and real dimen- 
sions, ib.; its satellites, 8 n., 229, 
280; its mass, density, and force of 
gravity, 231 ; observations of its per- 
turbations lead to the discovery of 
Neptune, 282. 

Ursa Major, planetary nebula in, 858 ; 
i Urse Majoris, its distance from the 
Earth, 292 ; { Ursa Mi^joris, 800. 

VxoA in Lyra, intensity of its light, 10, 
271, 288 ; iU distance from the Earth, 
292 ; its velocity, 295. 

Velocity of the fall of heavy bodies, 
381. 

Venus, its circular orbit, 66 ; its distance 
from the Sun and Earth, 66, 68; its 
apparent and real movements, ib. ; 
names given to it by the ancients, 67 ; 
its synodic and sidereal revolution, ib. ; 
its velocity, ib. ; its size, 68 ; the period 
of its rotation, 70 ; its surface, 71 ; its 
moimtains, ib. ; its atmosphere, 72 ; 
its days and nights, ib. ; its transits, 
ib. ; its seasons and climates, 72, 78 ; 
its mass, 78 ; its force of gravity, 78, 
74 ; its possible possession of a moon, 
74 ; its transits utilised in ascertaining 
the solar parallax, 400-403. 

Vernal equinox, 386. 

Vesta, 187, 189, 190. 

Virgo, spiral nebula in, 840 ; nebulsd in, 
856. 7 Virginis, 309. 

Volcanoes a proof of the Earth's primitive 
incandescent state, 892. 

WABDKBiNa stars. See Planets. 
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Webb, T. Ws, on the snow -zones in 
Venna, 74 ; his labonn in lunar as- 
tronomy, 122, 146 ; on the positions of 
the belU of Jupiter, 202. Notes by, 
126, 129, 132, 135, 187, 138, 142. 

Westphal's oomet, 248. 

Weight of Snn and planets, how obtained, 
379. 

Whale, the, 280. 

Willow-leaves, 32. 

Wilson, A., his theory as to the physical 
constitution of the Sun, 36. 

Winnecke*a comet, 248. 

Winter, 105. 

Wolf, Dr., of Zurich, on sun-spots, 19 ; 
on the connection between sun-spots and 
terrestrial magnetism, 52. 

Wollaston, Dr., on the Ught of the Sun, 
11 ; a singular appearance of a sun-spot. 



80 ; on the comparatlye brightnees of 
the Sun and Moon, 51. 
Wray, T., his Satumian. researches, 214, 
216, 218. 

YkaB8» length of; 98, 99 ; tropical, 881, 
382 ; sidereal, 382. 

Young, Prof., on the spectroeoopic appear- 
ance of sun-spots, 42 ; on the spectrum 
of the sun*s prominences, 47, 49. 

Zaor, Baron de, his elements of a sup- 
posed planet between Mars and Ju^ter, 
187. 

Zenith, 276, 277, 278, 388. 

Zodiac, 9, 242. 

Zodiacal light, 74-80, 224, 247 n. 

Zdllner, Dr., researches into the nature of 
the solar prominenoes, 48. 
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